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An announcement 
of importance .. 


concerning compulsory enrichment 


of all family white flour 


That mandatory enrichment of all 
family white flour would be forth- 
coming was considered obvious by 
most millers from the time they 
read the U. S. Department of Agri- 
culture’s Food Distribution Order 
No. 1 requiring bakers to enrich 
white bread beginning January 18th. 
The few lingering doubts were 
pretty well dispelled a little later 
upon reading the statement of 
policy of the Millers’ National 
Federation endorsing the recom- 
mendations of the Food and Nutri- 
tion Board of the National Research 
Council and favoring the issuance 
of an order by the Department of 
Agriculture requiring family flour 
enrichment. 

That proposed higher thiamine, 
niacin and iron levels for enriched 
flour would introduce new techni- 
cal problems also seemed obvious 
to cereal chemists, who likewise 
realized that inclusion of riboflavin 
would have to be carried out along 


Hoffmann-La Roche, Inc. 


carefully controlled lines. 

As a company which is supply- 
ing much of the vitamins for en- 
richment, Hoffmann-La Roche has 
devoted lengthy research to finding 
solutions to these new problems. 

In fact, for over four years our 
technical experts have been work- 
ing closely with the flour milling 
industry and nutritional authorities 
on enrichment. Especially during 
the last 12 months we have been 
concentrating on developing meth- 
ods and procedures to smooth the 
way in the event full enrichment 
of all family white flour became 
mandatory. 

The results of this experience, 
plus our extensive experience man- 
ufacturing vitamin B1, riboflavin, 
and niacin, enables us to tell you 
how your individual enriching 
problems can best be solved. We 
will be glad to 
help you. Write 
us today. 











HALF A MILLION GENERATIONS 


.--- to help make your bread 
uniformly fine 


VER a span of years, The 

Fleischmann Laboratories have 
sought out and studied literally 
thousands of yeast strains. 


These have been brought from the 
far corners of the old world and of 
the new — from laboratories, brew- 
eries, wineries. 


And among them some 400 were 
found to hold promise of service to 
America’s bakers. So these have been 
retained and kept under constant 
cultivation — many since before the 
last war. 


Roughly these choice strains have 
gone through over one-half million 
generations. 


And we have kept careful records of 


each strain. We know the family 
traits —their strong points — their 
peculiarities. 


With this invaluable fund of infor- 
mation at our finger tips—and with 
the yeasts themselves at hand—we 
feel equipped to provide whatever 


yeast it takes to produce uniformly 
fine bread. 


For seventy-five years, we have held 
that we have one primary responsi- 
bility to bakers. That is to know as 
much as anyone about yeast—possibly 
a little more. And we believe that 
this is the foundation of bakers’ con- 
fidence in Fleischmann’s Yeast-why 
today most good bread is made with 
Fleischmann’s Yeast. 


Most good bread is made with 


| FLEISCHMANNS YEAST 


FLEISCHMANN—1868-1943—75 YEARS OF GOOD YEAST FOR GOOD BREAD 











For Safety 


THE SAFETY SIPHON eliminates perils 


in the transfer of acids or other dangerous liquids from 
criginal carboys. 


Does not build up pressure 
within the carboy! 


Made of Saran tubing to 
resist corrosion. 












A carboy broken during the removal of 
acid may mean a life or some very seri- 
ous injury. Pouring directly from a car- 
boy has always been risky. The rocker 
type of inclinator is admittedly hard to 
control and low pressure pumps have 
been known to burst carboys. The safety 
siphon places no pressure whatsoever on 
the container since the vacuum pump ac- 
tion is within the siphon itself. It em- 
ploys an improved and safe principle 
providing a free flow of liquid under No. 10007 Safety Siphon $15.00 
positive and instantaneous control. (Shown in Use) 
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Made entirely of Saran tubing, it has excellent resistance qualities to 
most acids and corrosives including sulphuric, hydrochloric, and nitric 
acids of various strengths, glacial acetic, and sulphurous acids, bleaching 
solutions and 10% sodium hydroxide solution. It can be used also for 
transferring ammonia, bromine water, and chlorine if the siphon is washed 
after each transfer. 


The siphon is primed by the inner tube working in the perforated jacket 
with valve when the inner tube is given a few pumping strokes. The flow 
of liquid is controlled by rotating a sleeve valve located in the lower end 
of the delivery tube. 
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Naturally we at Corning are proud to be included 
among the industries who have been awarded the 
Army-Navy “E”’. 


It is an honor we prize. And it will spur all of us 





on to still greater efforts. 
In accepting this award we are glad to acknowledge the part so 
D many of our friends in the scientific world, our customers and our 
laboratory supply dealers, have had in aiding us in its winning. 


c In fact, Corning Research in Glass, which began long before 

g World War I, has been a mutual affair. 

; Pyrex Laboratory Ware, important though it is, is but one of the 
many achievements of Corning Research which so vitally affect 

t both the war-time and peace-time efforts of every American. 

; In expressing our appreciation to the Army and to the Navy 


for their highest civilian award, we are also expressing our sincere 
appreciation to you of the laboratory world who helped us win it. 
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CONTROL 


UNBIASED laboratory tests over a period of several 
years have conclusively proved that NATIONAL GRAIN 


YEAST is far superior in the matter of dough control. 


And it is because of this and other outstanding quali- 
ties that thousands of progressive bakers have come 
to regard NATIONAL GRAIN YEAST as a primary 


essential in the art of baking better bread. 


NATIONAL GRAIN YEAST CORPORATION 


Chanin Bidg., N. Y. C. © Chicago, Ill. ¢ Crystal Lake, Ill.* Belleville, N. J 


President 








PIONEERS IN FINE CHEMICALS 


, on the labels of more than 1,500 
products used by customers in many fields, the name 
Merck has long been recognized as a dependable 
source of fine chemicals. 


In the vitamin field also, the name Merck has been 
identified with leadership in the synthesis, develop- 
ment, and production of these vitally important 
substances ever since the first of the pure vitamins 
(ascorbic acid) was synthesized in 1934. 


The synthesis of Vitamin B,; was accomplished in 
the Merck Research Laboratories, thereby making 
the pure crystalline vitamin abundantly available for 
commercial use. Merck & Co. Inc. also manufactures 
other important vitamins, including Ascorbic Acid 
(Vitamin C), Niacin (Nicotinic Acid), Niacinamide 
(Nicotinamide), and Riboflavin (Vitamin Be). 
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The growing list of Merck contributions 
in the vitamin field emphasizes the out- 
standing réle being played by Merck chem- 
ists and their collaborators in making 
available these pure substances of known 
and uniform potency. 


The Merck technical staff 
and laboratories offer valu- 
able technical assistance in 
perfecting such factors as 
adequate distribution and re- 
tention of the vitamins, and 
product control methods. 


We invite you to write us 


MERCK & CO. Inc. Manufacturing Chemists RAHWAY, N. J. 


New York, N. Y. * Philadelphia, Pa. * St. Louis, Mo. ¢ Elkton, Va. * Chicago, Ill. * Los Angeles, Cal. 
In Canada: MERCK & CO. Limited, Montreal and Toronto 

















A, REPLACEMENT PARTS 


FOR 
t £o Kjeldahl Nitrogen Apparatus 


“Shipped Same Day Order Received” 


NO Check your apparatus and stock replace- 
ments that are used in emergencies. 


Element Have your element wires depreciated to a point where 
m replacement would be an economy? Are your battery of 
Wires heaters radiating a uniform heat? 
Replacement element wires FOR ANY MAKE OF 
LABORATORY HEATER (maximum wattage 750) fur- 
nished in same quality as used on Goldfisch heater. A non- 
magnetic, iron free nickel chromium alloy containing 20 
per cent chromium gives highest efficiency for heating 
elements. 
- Every element is tested for wattage, making it now 
possible to purchase elements in quantities with a variation 
not to exceed 2 per cent on constant voltage. The element 
4 coiled and formed to fit your core plate. 
ice 


IN ORDERING PLEASE STATE MAKE OF HEATER 
AND GIVE VOLTAGE AND WATTAGE 
DESIRED. 


We are supplying our formed elements with tested wattage to the out- 
standing laboratories of the country and would be pleased to serve you 
with uniform tested elements. EACH ELEMENT PACKED IN A 
SEPARATE CARTON. 


Core Plate 
Goldfisch Lots of 12 or more . 


Heater Heater Base 
Lots of 12 or more 
Parts Heater Tops 
Lots of 12 or more 
Monel Terminals 
Lots of 25 or more 


icti 4 BLOCK TIN CONDENSER TUBES with 
Distillation eo Ba Pe 
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. . packing gaskets 
Digestion NOTE—These tubes are made to meet our specifications 
P rts for alignment and durability. 

a Individual Double Pole Electric Switches 
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THE NUTRITIVE VALUE OF WHEAT GERM PROTEIN 


E. L. Hove and C. G. HARREL 


Pillsbury Research Laboratory, Minneapolis, Minnesota 


(Read at the Annual Meeting, May 1942) 


Wheat germ has had some use as a human and animal dietary 
supplement because of its high thiamin and flavin content. How- 
ever, little attention has been directed toward the use of wheat germ 
as a protein source although it contains as much as 30% protein. 
Many attempts have been made, some more or less successfully, to 
incorporate wheat germ in the baking of bread; but unless the germ 
is specially treated, more than 2% in the flour has a marked detri- 
mental effect on loaf volume and color. The use of germ as a bread 
supplement has been motivated by its vitamin content and not pri- 
marily by its protein supplementing value. 

As far as we are aware no one has investigated the nutritive value 
of wheat germ protein for the growth of young animals. Boas-Fixsen 
and Jackson (1932), and Chick, Boas-Fixsen, Hutchinson, and Jack- 
son (1935), using the nitrogen equilibrium method on adult rats, have 
reported that the proteins of wheat embryo are of slightly superior 
value to those of the endosperm, and are about equal to whole-wheat 
and yellow-maize proteins. 

In this paper we present evidence that the protein of wheat germ 
is of as good quality and as good supplementation value as the pro- 
teins of skim milk powder and certain other animal proteins. The 
method used for determining the biologica! value of proteins is essen- 
tially that of Osborne, Mendel, and Terry (1919). This method 
involves the growth of young rats on a basal ration free from protein, 
but otherwise nutritionally complete, to which has been added the 
equivalent of 10% of protein in the form of the food product to be 
tested. The biological value of the protein is calculated as the ratio 
of the body weight gain to the amount of protein ingested during the 
experimental period. 
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Experimental 


The basal ration: The composition of the principal basal ration 
used in this work is as follows: 
Protein source under test 
Sucrose 
Salt mixture 
Corn oil 
Cod-liver oil 
Liver extract powder 1-20 


Thiamin 

Riboflavin 

Pyridoxine 

Pantothenic acid 15 
Choline 1000 


The only protein in this diet, other than the protein under test, is 
obtained from the 1% liver extract powder 1-20. This dried water 
extract of liver, containing 8% nitrogen (which is equivalent to 50% 
protein) will furnish 0.5% of crude protein to the basal ration. Al- 
though ideally the basal ration for protein quality work should contain 
no extraneous protein, there is reason to believe that the error caused 
by this inclusion is insignificant. In the first place the ‘‘protein”’ of 
this liver extract powder is very poor in quality, as was shown when 
a group of four rats were placed on the basal ration in which 20% of 
this liver extract powder was the only source of protein. After four 
weeks the average gain in body weight was 5 g, and the average food 
consumption was 190 g, indicating a biological value for this “ protein’”’ 
of 0.25. The chances are slight that a protein of such poor quality 
will have any significant supplementing value at 0.5% in the ration. 

A second, and more important, reason for believing that 1% liver- 
extract powder in the ration causes no significant error in the biologi- 
cal values of the proteins under test is apparent from a considerable 
number of trials in which the liver-extract powder was omitted entirely 
from the basal ration. Some of these results are presented in this 


paper (Table I); they represent assays of the test proteins at 5% 


protein levels. 

At the 10% germ-protein level without liver extract a fair per- 
centage of the rats developed a severe hemorrhagic disease charac- 
terized by sudden onset, marked weight loss, severe anemia, and in 
most cases death within four days of onset. This seizure almost 
always occurred in animals which in the previous week or two had 
shown the most rapid growth and the greatest food consumption. 
From rats which failed to develop this condition it was evident that 
the biological value of the germ protein, as determined on this ration, 
fell well within the range of variation of the values that were deter- 
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mined on the ration containing the 1% liver-extract powder. The 
hemorrhagic disease described above did not occur in those rats on 
the 10% germ-protein ration plus the 1% liver-extract powder. This 
was the reason for including the liver extract in the rations used in 
the work reported below. In the calculations of biological values the 
protein of the liver extract was included as part of the total protein 


of the ration. 

The salt mixture used in the basal ration contained 14% calcium 
and 7.5% phosphorus. At a 4% level in the ration this salt mixture 
contributes 0.56% calcium and 0.30% phosphorus. The protein mate- 
rial used in the test diets contributed from 0.1% to 0.3% phosphorus. 

The protein materials tested and their protein contents on a “‘nat- 
ural’’ moisture basis were as follows: 


~ 
o™ 


Raw No. 1 wheat germ (N X 6.25) 
Processed wheat germ 


Ge 
awn 


Commercial casein 

Dried lean beef muscle {overnite 50°C) 
Skim milk powder (spray process) 
Boiled, dry egg whites 

Dried wheat gluten (55°C) 

‘“* Average Amer. Diet, Plant Sources’”’ 


mACWOC NL 
eae ED RD 
NOoOOoWS 0 


The “average American diet, plant sources’’ used for some of the 


supplementation-power studies has the following composition: 


Percent Percent 
by weight of total 
(dry basis) protein 


Patent flour 

Entire wheat 

Yellow corn 

Potatoes 

Oatmeal 

Rye 

Rice 

Barley 

Buckwheat 
None of the food materials were cooked. The potatoes were dried 
raw at room temperatures by means of a fan. 

The animals: Four male albino rats, closely inbred and uniform, 
were used per group. They were housed individually in a room with 
the temperature controlled at 76°F. The rations were fed ad libitum 
and food consumptions recorded. The rats were weighed weekly 
during the four-week experimental period. The quality, or biological 
value, of the protein under test was determined from the average 
total weight gain in four weeks, the average food consumption during 
the corresponding period, and the protein (N X 6.25) contained in 
the mixed rations. The biological value is expressed as the gain in 
body weight per gram of protein consumed. 
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Results 


Sole-source protein studies: The qualities of wheat-germ protein and 
of several animal proteins were determined by feeding them at various 
levels as the only proteins in the basal ration. 

Table I shows the results obtained by feeding the various protein 
sources at about 5% levels. The liver-extract powder was omitted 
from the basal ration in this series. The variations within the groups 
are quite large, which is understandable when the low magnitude of 
body-weight gain and food-consumption figures are noted. However, 
there is little difference in the average biological values of the four 


TABLE I 


BIOLOGICAL VALUE OF WHEAT GERM PROTEIN AS COMPARED TO ANIMAL 
PROTEINS AS THE SOLE SOURCE OF PROTEIN AT A 
5% LEVEL IN THE BASAL RATION 


(Four rats per group. Time on experiment: four weeks. 
Starting weight of the rats 45 + 4g.) 


Protein Body weight Biological value 
Protein | in H2O in | gain, range | Food intake, of protein, 
source ration ration and range and average | range and 
(N 6.25) average average 





germ 

Egg | 

white : 154 

Skim 

milk es -28 | | 168-341 

Casein 
+1% 
cystine 5. & S 14-30 | 144-202 | 1.40—2.64 1.88 


Wheat 
| 
| 


proteins tested at this low level. From these results it can be con- 
cluded that wheat-germ protein is at least as good in quality as are 
the animal proteins. 

The results of feeding the protein sources at approximately a 
10% protein level in the ration are shown in Table II. It appears 
that at this level small variations in the protein content of the ration 
have a marked effect on the apparent biological value. For example 
germ protein at 9.3% had a biological value of 2.87. This value fell 
to 2.41 when the protein content was increased to 11.7% of the ration. 
However, it is fully evident that the wheat-germ protein compared 
favorably with the various animal proteins tested. 

The above results were obtained on suboptimal protein levels. 
The feeding of germ protein and other proteins at levels higher than 
10% or 11% will not, of course, give significant figures on biological 
values, but will give further qualitative indications of the nutritional 
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TABLE II 
BIOLOGICAL VALUE OF WHEAT GERM PROTEIN AS COMPARED TO ANIMAL 
PROTEINS AS THE SOLE SOURCE OF PROTEIN AT APPROXI- 
MATELY 10% OF THE BASAL RATION 
(Four rats per group. Time on experiment four weeks. 
Starting weight of the rats 45 + 4g.) 








Protein H:O Body weight Biological value 
Protein in in | gain, range Food intake, (growth/protein), 
source ration ra- and range and average range and 
(N X6.25) | tion average average 








| Me 
Wheat 
germ 


e | « | « | | 


54-64 | 218-225 
75-96 271-337 
90-102 311-357 
88-110 328-363 


44-78 - | 227-278 : ' ; 
73-84 275-314 ‘ ’ 2.34 


81-117 262-374 | 327 | 2.70-2. 2.85 


1 
1 
1 


Casein 1 
1 











2 FH AMNSo 
oS ND RASH 


Skim milk | 10.7 














tN 





Egg white | 10.0 


73-93 305-342 | 2.38-2.72 | 2.58 


completeness of the protein of wheat germ. The results of higher- 
protein-level feeding are shown in Table III. A sample of wheat 
germ, processed in a manner which makes it a suitable food for human 
consumption and improves its keeping quality, was included in these 
tests and as can be seen from Table III the nutritional value of the 
protein was unimpaired. 

From the foregoing work it can be concluded that the protein of 
wheat germ as the sole protein in the diet is of as high a nutritional 
quality as animal proteins such as casein, skim milk powder, dried egg 
white, and beef muscle. 


TABLE III 


GROWTH OF RATS ON WHEAT GERM PROTEIN AS COMPARED WITH THE GROWTH ON 
CERTAIN ANIMAL PROTEINS AS THE SOLE PROTEIN SOURCE 
AT HIGHER LEVELS IN THE DIET 


(Four rats per group. Time on experiment four weeks. 


P ; g | Protein H:O in | Food intake, range Body weight gain, 
rotein source (N X6.25) ration | and average range and average 
| _ — 





g 


/O 


g £ 
18.3 7 | 352-366} 360 | 32| 128 
| 


oO 


Wheat germ, raw 
Wheat germ, 

processed | 17.8 | 360-415 | 387 136-140 138 
Casein, commercial | 18.0 | 324-395 | 358 121-148 | 131 
Casein, commercial 15.4 | 352-359 | 355 | 108-118 | 114 
Skim milk powder | 15.2 3. | 339-368 | 354 116-129 122 
Beef muscle (dried) | 14.5 ' | 293-320! 306 | 115-128} 121 
Beef muscle (dried) 35.0 . | | 120-136 128 
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PROTEIN SOURCE §X6.25 





ms 





I. GLUTEN 10% / 
II. GLUTEN 7 / — 


5 
Wh. GERM 5 f 
5 
5 








III. GLUTEr 
CASEIN 
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«4 ot oe Il. III. jems | wk. 
GROWTH: 0.20 2.38 2.54 grams per day 
BIOL. 
VALUE: 0.43 2.12 2.38 growth/gm. Protein 


Fig. 1. The = of wheat-germ protein as compared with casein protein in the supplementation 
of gluten protein. Graphs represent growth rates of rats (4 per group) on diets containing 10% of 
protein. 


























PROTEIN SOURCE N x 6.25 
, 
Ze beh De 10.0% / / 
II. AAD. 7.5 / 
Wh. GERM 2.5 / / | 
III. A.A-D. 7.5 / 
CASEIN 2.5 / / | 
20. Acti 6.6 | 
Wh. CERM 3.4 / | 
Ve AeAeDe 6.6 | 
CASEIN 3.4 7 
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| io 
I. II. III Iv. vy. eas 
GROWTH: 0.96 2 : 
BIOL. — oo08 2.80 2.93 gms/day 
VALUE: 1.15 bs 
2.00 2.06 2.12 2.28 growth/ga. 
Protein 
Fig. 2. The value of wheat-germ protein as compared with casein protein in the supplementation 
of proteins from the composite “‘ plant sources of the Ame rican diet."" Graphs represent growth rates 
of rats (4 per g group) on diets containing 10% of protein. “A.A.D.” represents ‘‘average American 


diet—plant portion. 
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The supplementing value of germ protein: Two experiments were 
carried out in which small amounts of wheat-germ protein were com- 
pared with the same amounts of casein as to their ability to improve 
the biological values of poor-quality vegetable proteins. 

In the first experiment gluten was used as the basal protein source. 
The results are summarized in Figure 1. Gluten as the sole source of 
protein did not support growth. The substitution of one-fourth of 
the gluten protein with wheat-germ protein or casein protein resulted 
in marked growth responses of about equal degree for the two supple- 
ments, and a considerable increase in the biological values of the total 
proteins. 

In the second experiment the composite ‘“‘average American diet, 
plant sources’’ was used as the basal protein source. The results are 
shown in Figure 2. As the sole protein source the composite plant 
portions do support growth although not efficiently, the biological 
value being 1.15. Wheat-germ protein and casein protein are about 
equal in their supplementing values for this basal protein material. 


Discussion 


The results reported in this paper are, we believe, the first data 
indicating superior properties of wheat-germ protein for the growth 
of rats, as well as its equality to casein in supplementing poor-protein 


diets. An increased use of wheat germ in the American dietary 
would not only improve many of these diets (which are at present 
low in protein quality), but could also replace some of the animal 
proteins in the better diets. Furthermore wheat germ has high levels 
of thiamin and riboflavin, and is equal to whole wheat in nicotinic acid 
content. It is also an excellent source of many essential mineral ele- 
ments such as copper, iron, and zinc. 

What are the available quantities of wheat germ, which is a by- 
product of the milling industry? The milling yield is only about 
0.5% of the wheat, although wheat actually contains close to 3.0% 
germ. At present the germ which is not separated as a distinct frac- 
tion during the milling process goes chiefly into the mill feed fractions— 
the bran, shorts, and midds. In 1941 about 15 million tons of wheat 
were milled into white flour in the United States. This indicates a 
potential germ production of at least 150 million pounds, with possibly 
three times this figure on the basis of higher yields. For comparison, 
there were 500 million pounds of dry skim milk powder produced in 
the United States during 1941 (Van Leer, 1942). 

The objections to the use of wheat germ in the human dietary 
are its ‘‘green” or ‘‘feedy”’ taste and smell, and the fear of rancidity 
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due to its high fat content. These objections can be effectively re- 
moved by a number of procedures now available. 


Summary 


The protein of wheat germ has a high biological value as deter- 
mined by the Osborne-Mendel rat-growth method. With protein 
levels of from 9.3% to 11.7% of the basal ration the biological value 
varied from 2.87 to 2.41. For comparison, the biological values of 
certain animal proteins fed at a 10% level were: commercial casein 
2.30; dry skim milk, 2.85; boiled dry egg white, 2.58. 

The biological value of the proteins derived from the composite 
plant sources of the ‘‘average American diet’’ was 1.15 at a 10% 
protein level in the diet of growing rats. 

Wheat germ and casein proteins are equally effective as supple- 
ments to poor-protein diets. Rations in which the “‘average Ameri- 
can diet, plant sources’’ furnished 7.5% protein and either wheat 
germ or casein furnished the remaining 2.5% showed total biological 
values of 2.00 and 2.06 respectively. Similarly, at 6.7% protein from 
the ‘‘average American diet’’ and 3.3% protein from wheat germ or 
casein, the biological values of the total proteins were 2.12 and 2.28, 
respectively. 

At higher protein levels wheat germ as the sole protein in the diet 
promotes growth in young rats equal to that obtained on higher levels 
of casein, skim milk powder, or dry beef muscle. 

Heat processing of wheat germ, adequate to make it suitable for 
human consumption, and to give it better keeping quality, has no 
effect on the biological value of the protein. 

The yearly potential output of wheat germ in the United States 
has been calculated to have been at least 150 million pounds in 1941, 
assuming a milling yield of 0.5%. This is compared to the output of 
dry skim milk powder during 1941 of 500 million pounds. 

It is suggested that wheat germ can be utilized in the human 
dietary and in nonruminant animal feeds as a supplemental protein of 
high biological value. 
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Atmospheric conditions have long been considered important factors 
in commercial milling. Many investigators have concluded that vari- 
ations in these conditions have a pronounced effect upon the milling 
process and the character of the products. Thus Guthrie and Norris 
(1912) considered that flour moisture and total yields depended more 
on atmospheric conditions in the mill than upon the moisture content 
of the wheat. Miller (1924) stated that control of moisture in mill 
stocks is actually a problem of controlling the deficiency of moisture in 
the air in contact with these stocks. He considered that high air 
temperatures produced high evaporation losses and made proper con- 
ditioning of the air difficult. 

Ferguson (1925) found that the commercial mill worked best when 
the conditioned air was kept between 65° and 70°F during the winter 
months and as cool during the summer as well water could make it. 
Conditioning the air increased the capacity of the mill during the 
summer months. Henkle (1928) observed during a 10-month operating 
period that the temperature ranged from 72° to 84°F, with an average 
relative humidity of 62%. He observed that evaporation from mill 
stocks during milling was twice as great during the summer as in the 
winter. Cooling by roll, purifier, and elevator suction was considered 
mainly due to evaporation. Pence (1933) presented data indicating 
that moisture is absorbed by some stocks when relative humidities in 
millrooms are maintained higher than 65%. He reported that varia- 
tion in size of openings in silk bolting cloth due to changes in humidity 
in these experiments was so slight that little change in bolting capacity 
resulted. 

Arnold (1937) considered that the most important part of air con- 
ditioning in the commercial mill was the removal of excessive heat. 
He maintained his roll floor at 78°F and 55% RH. Melvin (1922) 
preferred winter temperatures of 60°-70°F in the mill building and 
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found that higher temperatures necessitated compensation through 
decreased rate of feed to the first break rolls. 

Some millers prefer relatively low humidities in the millrooms. 
Thus Arnold (1937) quotes May as preferring 40% RH or lower. 
Robbins (1940) also considered 40% a desirable relative humidity for 
mill rooms. Vilm (1924) has pointed out that controlling the tempera- 
ture of mill stocks and relative humidity within the roll stands was 
equally as important as controlling the atmospheric conditions in the 
mill rooms. He maintained that uniform temperature of stocks, ob- 
tained by correct roll settings, is important and cited temperature 
differences of as much as 44°F obtained by Herman (1924) when 
subjecting stocks to coarse or fine grinding. It seems evident that 
temperature changes of this magnitude, produced by slight differences 
in roll settings, are sufficient to influence milling results materially. 

It is evident that any consideration of the effect of atmospheric con- 
ditions upon milling and mill products must include the possible effects 
of the interaction of many different factors—roll temperatures, rate of 
air movement, and moisture content of the stocks being among the 
more important. Anderson (1936) believed that more heat must be 
removed from the rolls and stocks by evaporation than by radiation; 
otherwise temperatures far above practical limits would be attained by 
the stocks and rolls. During milling the moisture content of various 
stocks tends toward equilibrium with the moisture of the surrounding 
environment, and variations in moisture content affect the yield of 
products materially. While Shollenberger (1921) found no apparent 
relationship between air temperature and yield of products, he did 
conclude that humidity was a minor factor of importance. He found 
no relationship between flour moisture and amount of added tempering 
water. Thisis opposed to the findings of Frank (1926), who found that 
moisture added to commercial mill mixes influenced the moisture con- 
tent of the flour milled. 

Considerable work has been reported upon the equilibrium relative 
humidities of wheat and flour, these studies indicating that with an 
increase in relative humidity the moisture content of the product may 
be expected to increase. Among others, Bailey (1920) observed that 
an 80% RH was required to maintain a 15% moisture content in flour. 
Coleman and Fellows (1925) measured the equilibrium relative hu- 
midity over hard winter wheat and found that 45% RH maintained 
11.76% moisture in the wheat, 60% RH maintained 14.27% and 75% 
RH maintained 17.13%. Their observations showed that wheat re- 
sponded readily to changes in humidity of the surrounding air, the rate 
of change depending upon the condition of exposure. Anderson (1937) 
found a change of about 5% in equilibrium humidity for each 0.9% 
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change in wheat moisture. Working with hard winter wheat he found 
50% RH was needed to maintain 12% moisture in the wheat, 60% RH 
maintained 13.75% and 70% RH maintained 15.6% moisture in this 
lot of wheat. Recently Anker, Geddes, and Bailey (1942) have re- 
ported upon moisture changes of stored flour. Their results indicated 
clearly that flour moisture was influenced by both relative humidity 
and temperature of air in the storage chamber. They have reviewed 
the literature pertaining to flour moisture as influenced by humidity in 
storage. 

Experimental milling, particularly with batch-type mills of the 
Allis type, differs drastically from continuous-flow commercial milling. 
In the former the mill stocks are exposed directly to the atmospheric 
conditions of the millroom to a varying degree, whereas in the latter the 
various stocks and flours are influenced only indirectly by the conditions 
in the mill building as the flour stocks are enclosed by the milling 
machines. It may be expected that the stocks within the milling ma- 
chines are exposed to both warmer and more moist air than within the 
mill building for at least a major portion of the time during the milling 
operations, because moistened (tempered or conditioned) wheat is fed 
into the system continuously and heat is generated by the milling 
machines. Miller (1923) has pointed out the very different conditions 
encountered in experimental milling as compared to those in practical 
flour milling where heat generated by the rolls accumulates hour after 
hour. The heat generated by roll action and by other equipment in 
turn affects the amount of moisture in the air surrounding the equip- 
ment. These changes in turn affect milling to a varying degree. 
Markley and Bailey (1934) found that the diastatic activity of experi- 
mentally milled flour was reduced by increasing the relative humidity. 
On the other hand, Van Scoyk (1927) was unable to detect changes in 
ash, flour yield, flour color, or baking quality when the mill varied in 
humidity from 45% to 55% in one day or from 33% RH in December 
to55%in July. The principal observable change was in flour moisture. 

Reports of various investigations show that a relatively wide range 
of humidities has been used in experimental millrooms. Singh and 
Bailey (1940) used a relative humidity of 85%-90%; Geddes and West 
(1929), Geddes, Bergsteinnson, and Hadley (1933) used 70%; and 
McCluggage (1940), 50%. Less attention seems to have been given 
millroom temperatures, although Geddes and West (1929) concluded 
that variations in this factor had a significant effect on flour yield. 

Micka and Vrana (1930) studied the influence of humidity and 
temperature upon sifting. They obtained the best results at 70°F and 
70% RH. Ziegler (1940) studied the effect of several factors upon 
diastatic activity of flour. He believes that the higher maltose values 
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obtained from commercially milled flours are due to higher roll temper- 
atures found in commercial plants. 

Ziegler’s conclusion is particularly interesting in view of roll tem- 
perature observations made by the senior author (unpublished) in 
grinding soft wheat. In this experiment temperatures of air and stock 
were taken automatically every two minutes immediately below the 
rolls in an Allis experimental mill operated in a room held at 80°F and 
70% RH. It was found that the rolls required from 6 to 8 hours of 
milling time to attain an equilibrium condition. Approximately the 
same length of time was required for the rolls to reach room tempera- 
ture after completion of the day’s work. It was also found that 
lubricating the roll bearings with hard oil lowered the operating roll 
temperatures materially. 

Hite (1940), from a study of data accumulated in a collaborative 
experiment, indicated that the use of controlled atmospheric conditions 
in the experimental millroom improves the reliability of flour yield 
determinations. Full atmospheric control (at 75°F and 65% RH) 
made possible the detection of differences in yield of one pound of wheat 
per barrel of flour. Bayfield, Bode, Hartsing, and Pettijohn (1940) and 
Bayfield, Bode, Hartsing, and Heizer (1940), using closely controlled 
millroom conditions (+ 1°F and + 2% RH) obtained definite differ- 
ences in flour ash, viscosity, and baking results with soft wheats from 
two crop years by varying the atmospheric conditions in the experi- 
mental millroom. 

Examination of work done by various investigators indicates the 
complexity of the problems concerning the atmospheric environment 
surrounding the flour particles during milling. Many seemingly con- 
tradictory statements are undoubtedly due to the action of one or more 
factors which have not been controlled during the course of the in- 
vestigations. It is, however, evident that both atmospheric tempera- 
ture and relative humidity influence the moisture content of flour. 
During milling the flour is exposed to the atmosphere in thin streams 
and therefore may be expected to respond rather rapidly to atmospheric 
changes. Furthermore, these atmospheric changes influence the 
milling equipment which in time may (if not completely compensated 
for by adjustment) produce changes in flour properties. Alsberg and 
Griffing (1925) concluded from their work that flour properties may be 
altered by mechanical treatment. If, as Miller (1941, p 466) main- 
tains, the milling process influences flour quality, then a great deal of 
careful research will be required in order to catalogue the effects of the 
various factors which enter into milling. 

The principal purposes of experimental milling are to find how a 
wheat may be expected to mill commercially without carrying out a 
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large-scale test on the commercial plant and to obtain a sample of flour 
which will be representative of flour which would be produced from the 
wheat if it were milled commercially. It is the consensus of opinion 
among practical millers that the milling operations do affect the 
qualities of the flour produced. If this be true then it is essential that 
flours produced in the laboratory should be milled under conditions and 
by methods which resemble the commercial operations as closely as 
possible. If this is not done then the analysis of the flour will not be 
made upon a product similar to that which will result from the com- 
mercial milling of the wheat. It is realized that experimental milling 
techniques available at present are unfortunately, at best, relatively 
crude approximations of the commercial process. 

The studies reported at this time constitute a continuation of 
milling studies on hard red winter wheats which have been under way 
at Kansas State College for several years, and of the studies on soft 
winter wheats reported by Bayfield et al (1940). The present investi- 
gation had as its principal objectives: (1) to determine whether varia- 
tion in millroom atmospheric conditions affects flour yields and flour 
properties; (2) to determine whether optimum atmospheric conditions 
for milling exist; (3) to determine whether different wheat varieties 
respond similarly to variations in the atmospheric conditions of the 
millroom. 

Plan of Experiment 

Two varieties of wheat were milled in duplicate on each of two mills 
at millroom temperatures of 70, 80, and 90°F and at 40, 50, 60, 70, 
80, and 90% relative humidity at each temperature level, thus pro- 
ducing a total of 144 samples. The two varieties were milled in 
alternate order; because of the difficulty in altering millroom conditions 
the duplicate samples were milled on the same day. 

Flour yield values were computed as percentage of straight grade 
flour. Granulation tests were made, by sifting, on all flours milled at 
70°F and upon those milled at 80 and 90°F and 70% relative humidity. 

Moisture, protein, ash, and diastatic activity determinations and 
baking tests were carried out in duplicate on all flours. 


Materials and Methods 


Bulk lots of high-grade 1939-crop pure Tenmarg and Kanred wheats 
grown in western Kansas were used in this investigation. Analytical 
data for these wheats are given in Table I. Sufficient wheat for the 
entire experiment was cleaned on a laboratory separator, dry-scoured 
and stored in large metal containers. A 2,000-gram subsample was 
withdrawn for each milling and tempered to 16% moisture by adding 
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TABLE I! 
ANALYSIS OF WHEAT 


Variety Test weight! Moisture Protein? Ash 
lbs c « ; « Y 

Tenmarq 62.0 10.4 15.7 1.54 

Kanred 62.4 8.9 1.55 


! Cleaned and scoured. 

215% moisture basis. 
water at approximately 65°F and allowing the sample to stand for 16 
hours at approximately 90°F. The sample was again scoured and an 
additional 1% moisture added immediately prior to milling. 

The wheats were milled on a Buhler mill (representative of the con- 
tinuous-flow, enclosed, automatic type of experimental mill) and also 
on an Allis-Chalmers batch-type mill in which the stocks are handled 
manually. Specifications for these mills are shown in Table II. 

Atmospheric conditions in the millroom were maintained within ap- 
proximately + 2°F and + 3% RH by means of air circulated from a 
conditioning unit suspended near the ceiling. This unit heated or 
cooled, humidified or dehumidified the air automatically as required. 
The equipment was found somewhat deficient in capacity at the highest 
humidity levels, and supplementary humidification was supplied from 
a Carrier conditioner located in the same building. A continuous 
record of atmospheric conditions was obtained each day by means of a 


TABLE II 


SPECIFICATIONS FOR MILLS AND FLows USED IN EXPERIMENT 


Buhler 


Allis 


Mill 


continuous 
fixed 


discontinuous 


Type of flow 
fixed 


Rate of feed 

Breaks: 
Number used 
Corrugations per inch 
Spiral per foot 
Type of corrugation 


4 3 
16 (all 4 breaks) 


‘ 2 
modified Dawson saw tooth 








Mode of operation dull to dull dull to dull 

Differential eas 2:1 

Roll adjustment fixed ? fixed 3 
Reductions: 

Number used 9 3 

Roll surface sanded Peerless cut 

Differential 14:1 2:1 

Roll adjustment fixed 2 fixed 

Fast roll speed (rpm) 420 500 

Sifting fixed 4 fixed 


1 Values only approximate 


converted from metric system. 


? Rolls set as accurately to constant spacing as possible 
2 Set at beginning of day's operation and locked in place. 


‘ Sifted for definite time interval, held constant throughout experiment. 
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recording wet and dry bulb thermometer, checked at intervals by a 
sling psychrometer. 

About 18 hours before milling, the controls were brought into ap- 
proximate adjustment for the conditions desired. The mills were 
started before actual milling operations were undertaken so that final 
adjustments could be made and the room conditions brought to equi- 
librium. Finally, a ‘“‘warm-up”’ sample was milled on each mill 
simultaneously and then the actual experimental milling was under- 
taken. Both mills were in operation at the same time and all adjust- 
ments were made by the same operator. 

At the end of each day the flours were rebolted through a 9 XX silk, 
thoroughly mixed mechanically and placed in tightly closed containers. 
Subsamples were taken for chemical analyses and for granulation tests, 
the balance being stored for about one month at room temperature and 
then held in cold storage until baked. 

Granulation tests were made by mechanical sifting under controlled 
conditions using the following sieves: 14 XX, 18 S, 20 S, and 25 S, and 
the weight distribution determined. 

Protein, ash, and diastatic activity determinations were made in 
duplicate as described in Cereal Laboratory Methods (4th ed., 1941). 
Flour yield, protein and ash values were corrected to a 15% moisture 
basis. All flours were baked in duplicate using the A. A. C. C. fermen- 
tation times and temperatures and a formula comprising 100 g flour 
(15% moisture basis), 6 g sugar, 1.5 g salt, 2 g yeast, 3 g shortening, 4 g 
dry milk solids, 3 mg potassium bromate, 0.25 g malt syrup, and 
sufficient distilled water for optimum absorption. The same mixing 
time was used for all samples of each variety. 


Results 


The data obtained have been submitted to analyses of variance. 
For these analyses, the mean values of duplicate analytical determi- 
nations and baking tests for each milling sample were taken; accord- 
ingly, the duplicate error is that between millings. To arrive at a value 
for experimental error, a comparison was made between the duplicate 
error and that of the combined second and third order interactions. If 
this interaction variance was significantly greater than the duplicate 
variance it was used as the error to test the significance of the various 
first order interactions. Any nonsignificant first-order interactions 
were then pooled with the higher-order interactions and the resulting 
value used as the error variance for testing the significance of the re- 
maining variances. Such analyses were carried out on the data for 
each mill and for the combined results with both mills. 
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TABLE III 
SIGNIFICANCE OF MAIN EFFECTS AND FIRST-ORDER INTERACTIONS ! 


, Yield Granulation Moisture Ash 
Variance due 


to differences ——— 


betwee 
ites Al? | Bu? | Both] Al Bu | Both! Al Bu | Both| Al Bu | Both 


Mills + + ++ 44 +--+ 
Varieties Ss ation salt iteetiemeetl Hie sation it Hilen Sal Wiles sation oll Ultee sation sal Eiteeeetiteeeetl Uilteeectibenet Wien Witt ts 
lemperature ++) ++) 44+) -—--!1 -—- I + ——| ++) ++) ++) ++!) 44+ 
Humidities ++) ++) ++) + TT!) t+] + ++) t+] 4+] +4 | t+ 
Interactions 
M X \ bo — —— —— 
M x T — “- = = t — + 
M XH +--+ + + — + 
Vx 7 ——|' ++4/--—- —j)— | — | eK | er | Re | Cr 
VxXxH ——- —--|-- ——| =| — | — |] — | — S| Ce 
r x H » ate i T a +- + - + +--+ + + +--+ + + 
ee ee em Protein Maltose value Loaf volume 
to differences 
Setereen \l Bu Both Al Bu Both A] Bu Both 
Mills ++ ++ -_-— 
Varieties ++ +- + +--+ ++ ++ ++ Seon + +4 +- + 
lemperature | ++ ++ ++ | ++ ++ | ++ -=— _-— -— 
Humidities ++ + + +- + oF + -+ ot ~ = ++ + + 
Interactions 
Mx vV —-— —_-— —— 
M X17 —— 1. 4 — — 
MxXxH —— + + -— 
i ie —_— _— —_— — — —_— == — = —_ = — <= _ os 
VY x<H ——_ —_— —_ = — = =—_ «= = -— — — 
rx*H _ —_ — + + 4. hn of — se — 


+ denotes significance exceeding 1% point. 
+ denotes significance exceeding 5% point 
denotes nonsignificance. 
Al Allis; Bu Buhler 


The results of these variance analyses are summarized in Table ITT, 
which shows the significance of the main effects and first-order inter- 
actions for flour vield and all flour properties studied. The general 
magnitude and direction of the effects of the principal variables on flour 
yield and each flour property, except granulation, are diagrammatically 
represented in Figure 1. For convenience and clarity the mean values 
and each significant interaction are tabulated separately for flour yield 
and each flour property. 

Flour yield: The mean values for flour yield are shown in Table IV. 
The Buhler mill gave a much higher yield than the Allis under the con- 
ditions of this experiment. It should be mentioned, however, that all 
Allis mill yields obtained by using one pair of break rolls and one pair 
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effect 
point 


Relative humidity 


MILLROOM 


MEAN VALUES AND STANDARD ERRORS FOR FLOUR YIELD! 


Variable 


Mills 
Varieties 

Tenmarq 

Kanred 
Temperature 

70°F 

80 

90 
Relative humidity 

40% 

50 

60 

70 

80 

90 


Standard error of 
single milling 


Where mean 
exceeding 1°% 


values 
point 


are 
; where values are shown in tlalics 


TEMPERATURE 


TABLE IV 


; bracketed values indicate nonsignificance. 


INTERACTION OF 


Variety 


lenmarq 
Kanred 


Mean 


70°F 


69.98 
71.53 


70.76 


VARIETIES X TEMPERATURES 


69.69 
69.32 


69.51 


Interaction significance exceeds 1% point. 


INTERACTION OF 


40 
50 
60 
70 
80 
90 


Mean 


TEMPERATURES X 


70° 80°F 
62.42 63.58 
64.20 64.00 
65.10 62.68 
64.85 60.08 
61.40 60.52 
55.62 55.12 
62.27 61.00 


Interaction significance exceeds 1% point. 


Mill 


Buhler 


69.25 


(69.22) 
(69.29) 


70.76 
69.51 
67.50 


70.69 
70.75 
70.17 
69.11 
67.89 
66.90 


1.33 


Temperature 


90°F 


67.98 
67.01 


67.50 


HUMIDITIES 


lemperature 


90°F 


63.50 
63.32 
61.72 
58.08 
52.02 
50.38 


58.17 


AND RELATIVE HUMIDITY 


BUHLER MILL 


ALLIS MILL 





Vol. 20 


Both 


(64.87) 


64.37 
65.36 


66.51 
65.25 
62.83 


66.93 
67.30 
66.67 
65.06 
62.94 
60.30 


1.40 


shown in boldface, the variable in question has a highly significant 
the effect is significant 


exceeding 5°% 


Mean 


69.22 
69.29 


69.25 


Mean 


Cc 
ti 


63.16 
63.84 
63.16 
61.00 
57.99 
53.71 


60.48 
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TABLE IV—(Continued) 
INTERACTION OF TEMPERATURES X HUMIDITIES 


BUHLER MILL 


lemperature 


Relative humidity 70°F 80°F 90°F Mean 
40 72.58 70.28 69.22 70.69 
50 71.90 70.50 69.85 70.75 
60 78.32 70.20 69.20 70.17 
70 70.82 69.88 66.65 69.11 
80 69.12 69.70 64.85 67.89 
90 69.00 66.50 65.20 66.90 
Mean 70.76 69 51 67.50 69.25 


Interaction significance exceeds 5% point. 


BOTH MILLS 


lemperature 


Relative humidity 70°F 80°F 90°F Mean 
40 67.50 66.92 66.36 66.93 
50 68.05 67.25 66.59 67.30 
60 68.11 66.44 65.46 66.67 
70 67.84 64.98 62.36 65.06 
80 65.26 65.11 58.44 62.94 
90 62.31 60.81 57.79 60.30 
Mean 66.51 65.25 62.83 64.87 


Interaction significance exceeds 1% point. 


of reduction rolls are at least 1.5% to 2.0% too low. This is due to 
incomplete clean-up of bran, sample spillage, and the presence of 
unreduced middlings found during rebolting which were not included 
in the flour weight. These middlings had apparently passed over the 
tops of the sieves during sifting and collected in the flour pan. Tenmargq 
wheat gave a lower yield on the Allis mill than did Kanred, whereas 
with the Buhler mill the yield values were virtually identical. This 
differential behavior is responsible for the significance of the mills 
X varieties interaction indicated in Table III. With each mill the 
yield decreased markedly with increasing millroom temperature and 
with increasing millroom humidity. The effect of temperature was 
consistent between mills but, as shown in Table IV, the effect of hu- 
midity was more pronounced with the Allis mill. This contrasting 
behavior presumably is to be ascribed to the fact that in the Allis mill 
the stocks are more exposed to the atmospheric conditions in the 


millroom than is the case with the Buhler. This effect is also reflected 
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in the increasing difference in yield between mills as the relative hu- 
midity is raised from 60% to 90%. 

With each mill, the effect of humidity depended upon the tempera- 
ture, becoming more pronounced as the temperature was increased ; 
this is more noticeable in the instance of the Allis mill. 

Flour granulation: Flour granulation tests were not made on all 
samples but only for the samples milled at 70°F for all relative hu- 
midities and at 70% relative humidity for all temperatures. Single 
siftings were made employing 14 XX, 18S, 20S, and 25 S on each of the 
duplicate millings for the above millroom conditions. The results were 
expressed as percentage overs on each sieve and the percentage through 
25S. Inspection of the data indicated that millroom conditions af- 
fected only the percentages of the coarsest and finest fractions, the 
amount of each of the intermediate fractions being essentially constant. 
It follows, therefore, that the variations in the coarsest and finest frac- 
tions must be complementary since the total of all fractions equaled 
100%. These assumptions were verified by calculation of the correla- 
tion between the overs on the 14 XX and the throughs passing the 25 S, 
a correlation coefficient of — .88 being obtained. Accordingly, the 
granulation of the flours could be adequately characterized by use of 
either of these measures. In this study the percentage flour passing 
the 25S was arbitrarily chosen for variance analysis, the results of 
which are shown in Tables III and V. 

TABLE V 


MEAN VALUES FOR FLOUR GRANULATION ! 


(Values as percent passing 25 S) 


Mill 
Allis Buhler Both 

Mills 38.4 48.0 (43.2 
Varieties 

Tenmarq 36.7 46.3 41.5 

Kanred 40.2 49.8 45.0 
Temperatures 

70°F (44.4) (48.8) 46.6 

80 (36.8) (45.8) 41.3 

90 (37.2) (40.8) 39.0 
Relative humidity 

40% 38.0 44.4 41.2 

50 36.2 45.0 40.6 

60 33M 47.0 40.1 

70 44.4 48.8 46.6 

80 43.3 50.2 46.8 

90 35.6 52.6 44.1 


‘Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in italics the effect is significant (exceeding 5“% 
point); bracketed values indicate nonsignificance. 
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TABLE VI 
MEAN VALUES AND STANDARD ERRORS FOR FLOUR MOISTURE ! 





Mill 
Variable Allis Buhler Both 

Mills 13.04 14.65 (13.84) 
Varieties 

Tenmarq (13.03) (14.68) (13.85) 

Kanred (13.04) (14.62) (13.83) 
‘Temperature 

70°F (13.16) 14.90 14.03 

80 (13.18) 14.49 13.83 

90 (12.78) 14.57 13.67 
Relative humidity 

40% 12.64 14.09 13.36 

50 12.73 14.17 13.45 

60 12.59 14.53 13.56 

70 13.20 14.67 13.94 

80 13.40 14.93 14.16 

90 13.66 15.50 14.58 
Standard error of 0.369 0.179 0.289 


single milling 


1 Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in ifalics the effect is significant (exceeding 5% 
point); bracketed values indicate nonsignificance. 


INTERACTION OF TEMPERATURES X HUMIDITIES ALLIS MILL 


Temperature 








Relative humidity 70°F 80°F 90°F Mean 
40 12.98 12.71 12.24 12.64 
50 12.41 12.92 12.85 12.73 
60 12.69 12.81 12.28 12.59 
70 13.71 13.00 12.90 13.20 
80 14.25 13.56 12.38 13.40 
90 12.90 14.06 14.01 13.66 
Mean 13.16 13.18 12.78 13.04 
Interaction significance exceeds 1% point. 

BUHLER MILL 
Ir'emperature 

Relative humidity 70°F 80°F 90°F Mean 
40 14.38 14.22 13.66 14.09 
50 14.48 14.06 13.99 14.17 
60 14.69 14.31 14.59 14.53 
70 15.02 14.30 14.69 14.67 
80 15.15 14.61 15.02 14.93 
90 15.66 15.40 15.45 15.50 
Mean 14.90 14.49 14.57 14.65 


Interaction significance exceeds 1% point. 
70 
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TABLE VI—(Continued) 


INTERACTION OF TEMPERATURES X HUMIDITIES 
BOTH MILLS 


Temperature 


Relative humidity 70°F 80°F 90°F . Mean 
40 13.68 13.47 12.95 13.36 
50 13.44 13.49 13.42 13.45 
60 13.69 13.56 13.43 13.56 
70 14.37 13.65 13.79 13.94 
80 14.70 14.09 13.70 14.16 
90 14.28 14.73 14.73 14.58 
Mean 14.03 13.83 13.67 13.84 


Interaction significance exceeds 1% point. 


It is evident that a more finely granulated flour was produced on the 
Buhler than on the Allis mill; moreover with both mills, Kanred wheat 
gave a more finely ground flour. The magnitude of the difference was 
identical (3.5%) but because of the somewhat greater experimental 
error the significance of this difference was less in the case of the Allis 
mill data. Some difficulty was experienced in maintaining constant 
roll settings with the Allis mill, which may account for the relatively 
greater variability in granulation data for the flours produced by this 
mill. 

When the data for both mills were considered together, increasing 
temperature tended to produce a more coarsely granulated flour; for the 
individual mills similar trends were noted but the differences were not 
sufficiently great to offset the loss in precision caused by the reduction 
in the amount of data available for analysis. The effect of humidity 
on granulation was not consistent for the two mills. In the case of the 
Allis mill, the most finely granulated flour was produced at 70% relative 
humidity with a decrease in the percentage of fines as the humidity was 
varied in either direction from this level. In contrast, in the case of 
the Buhler mill, flour fineness increased progressively with increasing 
humidity. 

Flour moisture: Referring to Table VI, it will be seen that the 
Buhler mill produced flours of much higher average moisture content 
than the Allis; this difference may be accounted for by the relatively 
greater exposure of the stocks to the atmosphere in the case of the Allis 
mill. In no case was there any significant difference in flour moisture 
between varieties. 

Taking the results for the two mills combined, flour moisture de- 
creased with increasing millroom temperature, but the effect was not 











Both 


0.405) 


(0.406) 
(0.405) 


0.414 
0.406 
0.396 


0.420 
0.415 
0.409 
0.402 
0.398 
0.389 


0.0045 
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exceeding 5° 
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TABLE VII 
MEAN VALUES AND STANDARD ERRORS FOR FLOUR AsH! 
Mills 
Variable Allis Buhler 
Mills 0.392 0.419 
Varieties 
Tenmarg (0.393) (0.420 
Kanred (0.391) (0.418) 
Temperature 
70°F 0.396 0.431 
80 0.392 0.420 
90 0.386 0.405 
Relative humidity 
40% 0.402 0.438 
50 0.400 0.430 
60 0.395 0.423 
70 0.391 0.413 
80 0.385 0.410 
90 0.379 0.399 
Standard error of 0.0044 0.0047 
single milling 
1Where mean values are shown in boldface, the variable in question has a highly 
effect (exceeding 1% point); where values are shown in talics the effect is significant 
point); bracketed values indicate nonsignificance. 





Relative humidity 


40 
50 
60 
70 
80 
90 


Mean 


INTERACTION OIF 


70°F 


0.412 
405 
.392 
399 
.380 
390 


396 


TEMPERATURES X HUMIDITIES 


ALLIS MILI 


remperature 


80°F 90°F 
0.402 0.392 
404 392 
400 .392 
.389 384 
384 .390 
.376 .370 
.392 386 


Interaction significance exceeds 1% point 


Relati 


ve hun 


40 
50 
60 
70 
80 
90 


Mean 


iidity 70°F 


0.462 
440 
438 
416 
416 
416 


431 


BUHLER MILL 


lemperature 


80°F 90°F 
0.433 0.419 
433 418 
.426 404 
.420 402 
416 399 
391 390 
.420 405 


Interaction significance exceeds 1% point. 


Mean 


0.402 
400 
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Mean 


0.438 
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423 
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419 
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TABLE VII—(Continued) 
INTERACTION OF TEMPERATURES X HUMIDITIES—BOTH MILLS 


Temperature 











Relative humidity 70°F 80°F 90°F Mean 
40 0.437 0.418 0.406 0.420 
50 423 418 405 415 
60 415 413 .398 409 
70 408 405 .393 .402 
80 .398 400 .394 .398 
90 403 383 .380 .389 
Mean 414 .406 .396 405 


Interaction significance exceeds 1% point. 
0 


consistent for the individual mills. In the Allis mill, the differences 
due to temperature were not significant. It is believed that this be- 
havior may be accounted for by the high experimental error for flour 
moisture with this mill, due to trouble experienced with heating of the 
rolls noted on some samples. In the instance of the Buhler mill, flour 
moisture decreased as the millroom temperature was raised from 70° 
to 80°F and then increased slightly with a further increase in tempera- 
ture to 90°F. The difference in temperature response between the two 
mills is also indicated by the significance of the mills X temperatures 
interaction. 

As would be expected, increasing relative humidity is reflected in 
increased flour moisture. The lesser significance of this effect in the 
case of the Allis mill is due to the higher experimental error mentioned 
above. The essential consistency of the humidity response with the 
two mills is indicated by the nonsignificance of the mills X humidities 
interaction. 

Highly significant temperatures X humidities interactions, found 
for each mill, are also shown in Table VI. As would be expected the 
effect of variations in humidity became more pronounced with in- 
creasing temperature. 

Flour ash: From the data in Table VII, it will be seen that the 
Buhler mill produced flours of significantly higher average ash content 
than the Allis mill, which is in accord with the higher flour yield ob- 
tained with the Buhler mill. The two varieties tested did not differ in 
the ash content of the flours produced therefrom. 

Flour ash, with each mill, decreased with increasing temperature 
and with increasing relative humidity. The magnitude of these effects 
was greater with the Buhler mill, thus giving rise to significant mills 
x temperatures and mills X humidities interactions. With each mill, 
the decrease in flour ash with increasing millroom temperature was 
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greater at the lower than at the higher humidities; this is responsible for 
significant temperatures X humidities interactions. 

Flour protein: Table VIII gives the effects of the several variables 
upon flour protein. Significantly higher protein values were obtained 
with the Buhler mill, with Kanred wheat, with lower temperatures and 
with lower humidities. All effects were consistent throughout, as indi- 
cated by the absence of significant interactions. 

TABLE VIII 


MEAN VALUES AND STANDARD ERRORS FOR FLOUR PROTEIN! 


Mill 

Variable Allis Buhler Both 
Mills 14.60 14.83 (14.72) 
Varieties 

Tenmarq 14.44 14.64 14.54 

Kanred 14.77 15.01 14.89 
Temperature 

70°F 14.66 14.93 14.79 

80 14.64 14.86 14.75 

90 14.51 14.69 14.60 
Relative humidity 

Q% 14.70 14.97 14.84 

50 14.70 14.89 14.80 

60 14.56 14.82 14.69 

70 14.57 14.77 14.67 

80 14.53 14.76 14.64 

90 14.56 14.75 14.66 
Standard error of 0.103 0.135 0.120 


single milling 


1 Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in italics the effect is significant (exceeding 5% 
point); bracketed values indicate nonsignificance. 

Maltose value: Considering the maltose values tabulated in Table IX, 
it is apparent that the Buhler mill flours exhibit much higher values 
than comparable Allis mill flours, that Tenmarq wheat gives flour of 
higher activity than Kanred, and that increase in millroom tempera- 
ture brings about a lowered diastatic activity. The last-named effect 
is not consistent for both mills, the action of temperature being more 
pronounced in the case of the Buhler mill. 

While variations in millroom humidity have a statistically signifi- 
cant effect on maltose value, no consistent trend is apparent with either 
mill. Thus for the Allis mill the highest values were obtained at 50% 
and 60% relative humidity and the lowest at 80% and 90% whereas, 
for the Buhler mill, high values were obtained at 40, 50, and 80% 
relative humidity and the lowest value at 70%. For both mills com- 
bined, the lower relative humidities gave slightly higher maltose values 
than those for 70, 80, and 90% relative humidity. Significant inter- 
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TABLE IX 
MEAN VALUES AND STANDARD ERRORS FOR MALTOSE VALUE ! 





Mill 
Variable Allis Buhler Both 
mg/10 g mg/10 @ mg/10 g 
Mills 106.7 132.8 (119.8) 
Varieties 
Tenmarq 111.0 137.4 124.2 
Kanred 102.4 128.3 115.3 
Temperature 
70°F 108.8 140.1 124.5 
80 104.4 135.3 119.8 
90 106.9 123.1 115.0 
Relative humidity 
40% 107.5 136.1 121.8 
50 109.7 135.5 122.6 
60 109.4 131.5 120.5 
70 107.7 126.6 117.2 
80 102.2 137.2 119.8 
90 103.6 130.1 116.8 
Standard error of 4.48 4.35 4.42 


single milling 
1 Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in ialics the effect is significant (exceeding 5% 
point); bracketed values indicate nonsignificance. 


INTERACTION OF TEMPERATURES X HUMIDITIES—ALLIS MILL 


Temperature 





Relative humidity 70°F 80°F 90°F ‘Mean 
% mg/10 g me/10 28 me/10 2 mg/10 2 
40 108.2 107.5 106.8 107.5 
50 113.0 106.2 110.0 109.7 
60 107.0 106.0 115.2 109.4 
70 109.5 102.5 111.2 107.7 
80 102.0 102.2 102.5 102.2 
90 113.2 101.8 95.8 103.6 
Mean 108.8 104.4 106.9 106.7 


Interaction significance exceeds 1% point. 


BUHLER MIL 


lemperature 


Relative humidity 70°F 80°F 90°F Mean 
% 7 me/10 @ mg 10 2 me 10 2 me 10 2 
40 141.8 140.0 126.5 136.1 
50 140.8 140.8 125.0 135.5 
60 144.2 129.2 121.0 131.5 
70 131.8 127.2 120.8 126.6 
80 146.2 143.8 121.8 137.2 
90 136.0 130.8 123.5 130.1 
Mean 140.1 135.3 123.1 132.8 


Interaction significance exceeds 1% point. 
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INTERACTION OF TEMPERATURE X HUMIDITIES—BOTH MILLS 


Temperature 


90°F 





Relative humidity 70°F 80°F Mean 
: % mg/10 2 mg/10 2 me/10 2 me/10 8 
40 125.0 123.8 116.7 121.8 
50 126.9 123.5 117.5 122.6 
60 125.6 117.6 118.1 120.5 
70 120.6 114.9 116.0 117.2 
80 124.1 123.0 112.1 119.8 
90 124.6 116.2 109.6 116.8 
Mean 124.5 119.8 115.0 119.8 


Interaction significance exceeds 1% point. 


actions for temperatures X humidities were found for each mill and for 


both mills combined. 


The nature of the inconsistencies leading to 


these interactions was not the same for both mills, since a significant 
triple interaction (mills X temperatures X humidities) was found. 
Accordingly, it is not possible to generalize on the combined effect of 


temperature and humidity on maltose value. 


Loaf volume: It is of particular interest to note that whereas with 
most flour properties there has been a significant effect of all variables, 
in the case of loaf volume the only factors exerting a significant effect 
are variety and relative humidity, as shown by the data of Table X. 


TABLE X 


MEAN VALUES AND STANDARD ERRORS FOR LOAF VOLUME ! 





Mill 


Buhler 


ce 


(952) 


982 
922 


(953) 
(948) 
(955) 


961 
965 
958 


Variable Allis 
cc 

Mills (950) 
Varieties 

Tenmarq 986 

Kanred 913 
Temperature 

70°F (956) 

80 (944) 

90 (948) 
Relative humidity 

40% (960) 

50 (951) 

60 (951) 

70 (940) 

80 (949) 

90 (945) 
Standard error of 21,3 


single milling 





Both 


1 Where mean values are shown in boldface, the variable in question has a highly significant 
effect (exceeding 1% point); where values are shown in italics the effect is significant (exceeding 5% 


point); bracketed values indicate nonsignificance. 
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Whether this may or may not be due to the baking formula used is not 
known. In all cases the loaf volumes for Tenmarq flours were much 
higher than those for flours milled from Kanred wheat. With the 
Buhler mill and with both mills combined the values for 70% and 90% 
relative humidity were extremely low in comparison with the values 
for other humidity levels. While a similar tendency was noted with 
the Allis mill, the effect of humidity was not significant. The existence 
of a similar trend is supported by the absence of a significant mills 
X humidities interaction. 


Discussion 


These studies clearly demonstrate that variations in millroom con- 
ditions influence flour yield and all flour properties investigated. It is 
of interest to note that the effect of these variations gives rise to fewer 
statistically significant differences in the instances of loaf volume than 
in the case of other flour properties or flour yield. This may, however, 
be a reflection of lower precision of the baking test or of the use of a 
commercial-type formula which possibly tends to obscure differences 
in flour characteristics. The variation in humidity employed in these 
experiments brought about greater differences than temperature in all 
flour properties except protein content, in which the effect was the 
same, and maltose value in which temperature had much the greater 
influence. It necessarily follows from these observations that the 
replicability of experimental milling results will be improved by con- 
trolling the atmospheric conditions in the millroom. 

The question next arises as to whether an optimum set of millroom 
conditions exists. In defining such optimum conditions one must of 
necessity consider the purpose of conducting the experimental milling 
test. Such tests are carried out either to provide representative 
samples from different lots of wheat for further quality tests (such as 
ash, color, and baking strength) or they may be used to characterize the 
milling behavior of the wheats. 

In considering the first of these purposes it would be desirable to 
select atmospheric conditions which would tend to produce flours as 
nearly as possible identical in properties with those which would be 
obtained by commercial-scale milling. The use of such conditions 
would minimize the need for translation of results. In the absence of 
information regarding the characteristics of flours which could be milled 
commercially from the wheats used in this investigation, no recom- 
mendations can be made as to specific experimental millroom conditions. 
However, it is worthy of note that the choice of any particular temper- 
ature and relative humidity will not significantly affect the differentia- 
tion between these two wheat samples in regard to the properties of the 
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flours produced therefrom. This is demonstrated by the absence of 
significant interaction of variety with temperature or humidity for any 
of the flour properties studied. 

With reference to the use of the milling test to characterize the 
milling behavior of different wheats it should be noted that there is only 
one significant interaction involving variety and millroom conditions 
for flour yield, namely, that between variety and temperature with the 
Buhler mill. 


Summary 

Two varieties of hard red winter wheat (Tenmarq and Kanred) 
were milled in duplicate on both Allis and Buhler mills at millroom 
temperatures of 70, 80, and 90°F and relative humidities of 40, 50, 60, 
70, 80, and 90%, thus producing 144 flours. Determinations were 
made of flour yield, granulation, moisture, ash, protein, maltose value, 
and loaf volume and the data submitted to statistical analysis. 

Flour yield decreased with increasing temperature and humidity, 
the effect of humidity being greater at the higher temperatures. 
Yields from the Allis mill were lower and affected more by humidity 
variations than those from the Buhler mill. The effect of temperature 
was greater in the instance of Kanred wheat. 

Flour granulation, determined with only a limited number of 
samples, tended to become coarser with increasing temperature. In- 
creasing humidity increased flour fineness in the case of the Buhler, 
whereas with the Allis mill the most finely granulated flour was ob- 
tained at 70% relative humidity. A more finely granulated flour was 
produced by the Buhler than the Allis mill and by Kanred in contrast to 
Tenmarq wheat. 

Flour moisture increased with decreasing temperature and with 
increasing humidity. The Buhler mill produced higher-moisture flour 
than the Allis. 

_ Flour ash increased with decreasing temperature and _ relative 
humidity. The Buhler mill gave higher-ash flour than the Allis. 

Flour protein responded to variations in temperatures, humidities 
and mills in the same manner as flour ash. 

Maltose value increased with decreasing temperature, while the 
effect of humidity was relatively slight and not consistent. Buhler- 
milled flours gave much higher values than Allis-milled flours. 

Loaf volume was significantly affected by relative humidity, the 
lowest values being obtained at 70% and 90%. Temperature and 
mills were without effect. 

Replicability of experimental milling results should be improved by 
control of millroom atmospheric conditions. No indication of the 
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existence of optimum millroom conditions for differentiation between 
wheat samples is shown by these experiments, although the possibility 
is not excluded that further studies may lead to the formulation of 
optimum atmospheric conditions. 
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MICRO TESTS OF ALIMENTARY PASTES. 
I. APPARATUS AND METHOD ! 


R. L. CUNNINGHAM and J. ANSEL ANDERSON 
Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg, Manitoba 


(Read at the Annual Meeting, May 1942 


Cereal chemists, in providing a service for plant breeders, have con- 
tinuously striven to reduce the amount of grain required for preliminary 
tests of the quality of new varieties. Durum wheat is no exception; 
Fifield, Smith, and Hayes (1937) have described a micro technique for 
assessing macaroni-making quality. The method requires only 30 g 
of semolina and involves the preparation of pressed disks of alimentary 
paste and subsequent study of their color characteristics. 

In this laboratory difficulty was experienced in obtaining re- 
producible results by this method, but attempts to devise more satis- 
factory techniques of other sorts proved unfruitful. It therefore 
seemed advisable to concentrate on the improvement of the disk 


1 Published as paper No. 199 of the Associate Committee on Grain Research (Canada). 
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method. Considerable stimulus was given to this work when it was 
observed that the opacity of the disks was closely related to their color 
characteristics and very sensitive to changes in processing conditions. 
A photoelectric method of measuring opacity was therefore developed, 
and with this precise and objective tool rapid progress was made in 
elucidating the factors that affect the reproducibility of the test. A 
comprehensive study of the effect of processing conditions on paste 
properties was then undertaken and will be described in a second paper. 
The present paper is introductory and serves to put on record descrip- 
tions of the apparatus and methods now used in the Board of Grain 
Commissioners’ Laboratory for micro tests of alimentary paste. 


Preparation of Disks 


The original apparatus and method used in preparing the disks 
have been described in detail by Fifield, Smith, and Hayes (1937). 
Accordingly, the following description is confined mainly to the modi- 
fications used in this laboratory. 

Mixer and mixing: A photograph of the mechanically driven, 
thermostatically controlled mixer is shown in Figure 1. The sheeting 
rolls, described in the next subsection, also appear on the right in this 
photograph. The mixer is similar to that of Fifield, with rotating 
blades on a horizontal metal shaft. The mixer has a maximum ca- 
pacity of 50 g of semolina, but as little as 30 g can be used in routine 
studies. Since the temperature and speed of mixing are important, 
improvements were made in the original model by introducing tem- 
perature control and a mechanical drive. Temperature is controlled 
at 30°C by surrounding the mixer with a water bath (9.0 K 7.5 X& 5.0 
inches) provided with a motor-driven stirrer and a thermoregulator. 
The six brass disks on the top of the bath (Fig. 1) are the lids of re- 
movable cylindrical chambers (4 inches deep, 1.5 inches diameter) in 
which samples of semolina are conditioned prior to mixing. An 0.12 
hp reversible electric motor with reduction gears turning 57 rpm was 
available in the laboratory and is used to drive the mixer. A reversing 
switch is also used and can be seen in the photograph. 

With the drive reversed three times during the mixing period, a 
mixing time of between 30 and 100 seconds has been found satisfactory 
for doughs falling within a reasonable working range of consistency 
(1.e., absorption 28 to 32%). Experiments showed that 40 seconds of 
mixing was roughly equivalent to 4 minutes of mixing in the larger 
mixer described by Binnington and Geddes (1936), and 40 seconds was 
therefore tentatively adopted as a standard mixing time. 

On the basis of such data as are available, the writers believe that 
it is feasible to use a constant absorption of 30%. The alternative 
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method of adjusting the absorption for different semolinas so as to ob- 
tain constant consistency increases the amount of semolina required for 
the micro test, since portions must be used for preliminary determina- 
tion of the correct absorption. Consistency is not as important in the 
micro test as in making macaroni. In the latter process the pressure 
to which the dough is subjected in forcing it through the die depends on 
the consistency, so that this must be held constant in order to subject all 





\ 


Fig. 1 Motor driven thermostated mixer, with sheeting rolls at the right. 
The top of the mixer can be seen below the burette. 


doughs to equal pressures. In the micro test the pressure applied is 
independent of the consistency of the dough. For this reason, and be- 
cause the interaction between semolinas and absorption appears to be 
relatively small, it seems feasible to use a constant absorption in the 
micro test. 

Sheeting: No rest period is used in this laboratory as this step is not 
readily controlled and appears to have no compensating advantages. 
Immediately after mixing, the dough is put through a pair of smooth 
sheeting rolls (Fig. 1), 4 inches long by 1 inch in diameter and ¢ inch 
apart, operated at room temperature (about 24°C). These rolls are 
similar to those described by Fifield e¢ al except that they are motor 
drivenat45rpm. A uniform rate of sheeting facilitates the preparation 
of disks of uniform thickness. Hand-operated rolls are satisfactory 
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provided they are turned at a uniform speed, but a mechanical drive 
has been found convenient. 

The dough is sheeted, folded end to end and sheeted again in the 
same direction, putting the joined ends through first so that the crease 
is rolled last. After sheeting three times, the folded dough is turned 
through an angle of 90° so that the sides enter the rolls first. This 
turn is made after every third sheeting. In addition, the dough is 
turned over after each sheeting so that alternate sides of the sheet are 
folded in. The process is repeated until the dough has been sheeted 
and folded 15 times. Experiments with various methods of folding 
indicate that the method described above gives the most uniform 
sheets of dough. 

Pressing: Two disks are cut from the sheet of dough with a circular 
cutter 2;*; inches in diameter. Three celluloid disks of the same size 
are dipped in a benzene solution of Parawax (70 g per liter) and allowed 
to dry for 20 minutes at room temperature. The two paste disks and 
the three celluloid disks are then made into a double-decker sandwich, 
placed in a press bowl (2,;’¢ inches internal diameter) and pressed in a 
Carver laboratory press. It should be noted that the press must be 
provided with a low-range gauge, and must be free from leaks so that 
the desired pressure can be maintained with minimum periodic 
pumping. Pressing for 7 minutes at a gauge pressure of 1,000 pounds 
per square inch (about 750 pounds per square inch on the paste disks) 
normally produces disks having an internal structure similar to that of 
tubular macaroni, as judged by visual inspection. After pressing, the 
assembly of disks is removed and the disks separated, particular care 
being taken not to mar the surfaces of the paste. 

The principal difference between this pressing technique and that of 
Fifield et al is that wax-coated celluloid rather than cellophane disks are 
used to encase the paste. While the use of wax represents a radical 
departure from ordinary technique, this modification facilitates the 
preparation of disks having smooth uniform surfaces, and these are ab- 
solutely essential for the accurate determination of the absorption 
coefficient described later. 

Drying: The method used is again a slight modification of that of 
Fifield et al. The disk is laid between 4-inch squares of bond paper, 
backed with three layers of blotting paper and this assembly is then 
clamped between 4-inch squares of heavy wire gauze by means of large 
‘‘Bulldog”’ clips. A series of these assemblies can then be conveniently 
strung on a metal rod for drying. After drying for two days in a room 
controlled at 26° + 2°C the disks are removed and their quality 


characteristics measured. 
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For the most precise work, and particularly when strictly compa- 
rable results are required in experiments made at different times of the 
year, it appears that both temperature and humidity should be con- 
trolled during drying. However, experiments have shown that 
considerable changes in temperature and humidity have a relatively 
small effect on the quality of the finished disks. Accordingly, for most 
practical purposes, drying can be carried out under room conditions. 


Measurement of the Optical Coefficient of Absorption, 
or Degree of Opacity 


The idea of developing an objective photometric measurement of 
opacity occurred to one of us (R. L. C.) during early studies of the effect 
of processing methods on the color of disks. It was observed that if 
two disks made from the same semolina differed in opacity, then the 





Fig. 2. General view of photometer. 


more opaque disk appeared less yellow. Since both contained the same 
quantity of pigment it was believed that the more translucent looked 
yellower because the light penetrated more deeply and was thus re- 
flected from additional and deeper layers of pigment molecules. 

It thus appeared that the measurement of opacity might prove a 
useful supplement to the commonly used measurement of disk color, by 
matching against Wallace and Tiernan disks (Baker, 1939). This 
latter process is tedious, subjective, lacking in precision, and subject to 
an appreciable personal error. On the other hand, it seemed clear that 
a photometric measurement of the absorption coefficient would be ob- 
jective, precise, and reproducible. These expectations have been fully 
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justified since the new method gives exactly the same results in the 
hands of different technicians. 

Photometer: A photograph of the photometer used for measuring the 
absorption coefficients of the disks appears in Figure 2. It consists 
essentially of a light source and a photronic cell, between which there is 
inserted a turn-table holding the paste disks. The light and turn-table 
can be seen on top of the case. The photronic cell, wiring, rheostat, 
switches, and the motor which drives the turn-table are inside the case. 
A voltmeter, mounted on the end of the case, is used to aid in making 
rough adjustments of the light intensity. 
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Fig. 3. Optical details of photometer. 


As the photometer is of simple design, and as there are no special 
virtues in its dimensions, a short description of the main features will 
serve as an adequate guide to anyone interested in constructing one. 
The essential details are shown in Figure 3. The light source consists 
of a 9-volt flashlight bulb mounted ina suitable ventilated brass housing. 
The interior of the housing has a dull black finish which eliminates re- 
flection from the walls. Two lenses are used to produce a parallel beam 
of light, thus minimizing the effect of small changes in the distance be- 
tween the light source and the paste disk. Although the lamp operates 
at fixed voltage by means of batteries, it was necessary to introduce a 
fine adjustment for light intensity. This consists of two sheets of 
Polaroid (“J”’ film), the lower of which is mounted in an adjusting 
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head. It will be apparent that this provides a control of light intensity 
without varying the area of the disk subjected to illumination as would 
be the case with the use of an iris diaphram. A yellow filter (Wratten 
K2) is also included in the assembly. The filter eliminates those wave 
lengths most strongly absorbed by the pigment in the paste and thus 
serves to make the measurement of the opacity relatively independent 
of the pigment concentration in the paste. 

The paste disks are held on an electrically driven turn-table 
mounted on ball bearings and rotating at 200 rpm. As a disk is not 
uniformly opaque and the surface of a photronic cell varies in sensitivity 
from point to point, a turn-table is required in order that the disks may 
be scanned by each sector of the cell. The inequalities of both cell and 
disk are thus integrated and an accurate and reproducible measurement 
of the transmitted light is obtained. 

The voltage generated by the photocell is measured with a po- 
tentiometer in the usual manner. 

A disk having permanent opacity characteristics similar to those of 
an average paste disk, was required for standardizing the instrument. 
This was prepared by combining a slightly exposed photographic film 
and two sheets of photographic glass in a brass assembly of the same 
diameter as the paste disks (2; inches). After calibrating the pho- 
tronic cell for various light intensities, the exact percentage trans- 
mission of the standard disk was determined and found to be 19.4%. 

In making measurements the standard disk is placed on the turn- 
table before each reading and the light intensity is checked (and ad- 
justed by means of the Polaroid, if necessary) by noting the voltage 
generated by the photronic cell. After removing the standard, the 
paste disk is placed on the turn-table and the voltage generated by the 
cell is determined. 

Variations of about 5% occur frequently in the thickness of different 
disks and variations of as much as 10% occur occasionally. So far as 
can be determined, these differences in the thickness of different disks 
result from variations in the thickness of the sheeted dough. Stiff 
doughs and rapid sheeting produce thicker disks and in spite of careful 
attention to sheeting technique, some variations in thickness occur be- 
tween different parts of the same sheet of dough. As the thickness of 
the disk must be taken into account in calculating the absorption 
coefficient, it is taken as the mean of nine micrometer readings made to 
the nearest 0.001 cm. 

Calculation of absorption coefficient: The absorption coefficient, which 
is a measure of the loss of intensity which results when light passes 
through a unit thickness of paste, is calculated from an equation based 
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on Lambert’s law. This equation is: 


= ; log, CP,, (1) 


where K is the absorption coefficient, ¢ is the thickness of the disk, C is 
a factor which corrects for loss of light by reflection at the air-solid 
interfaces, and P, is the emerging fraction of the light which enters the 
paste. 

P, is determined by comparing the paste disk with the standard 
disk described above. This is done by determining the relative 
voltages generated in the photocell and making the necessary small 
corrections for variations in cell sensitivity at various intensities of 
illumination. We then have: 

= or P, = P, (2) 
where P, is the fraction of light transmitted by the standard disk and 
V, and V, are the corrected voltages generated by the light after 
passing through the test and standard disks respectively. 

The equation may therefore be rewritten: 


— wn 
—~K= ; log. CP, v- (3) 
As previously noted, the value of P, was determined experimentally 
and was found to be 0.194. V, depends upon the type of photocell 
used, the intensity of the light source, as well as the voltage input of the 
potentiometer. It was arbitrarily chosen as 500 units. The equation 
is thus: 
1 .194 
— K = — log. C——V.. (4 
"a 
In dealing with a homogeneous solid such as glass the value of the 
factor C, which corrects for reflection losses, can be calculated from the 
index of refraction for glass in accordance with Fresnel’s formula: 


1 n —1\?]? 

e=[1-(255)7- (3) 

where is the index of refraction of glass and x is the number of air- 
glass interfaces, which will be 2 for a plate of glass. 

In dealing with alimentary paste the calculation of C is complicated 

by two factors. First, the index of refraction of the paste is not 


known and would be difficult to determine experimentally. Secondly, 
in paste disks there is a concentration of microscopic cracks and bubbles 
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near each surface over and above the normal distribution of these 
throughout the body of the paste. These surface cracks and bubbles 
create an additional number of air-solid interfaces so that x is greater 
than 2 and this fact would have to be taken into account in calculating C. 

These difficulties were overcome by evaluating C from experimental 
data. Records for 90 disks, processed from the same semolina under 
identical conditions, and varying in thickness from 0.201 to 0.226 cm, 
gave a constant value of K (3.99) when C = 3.03. Using this figure 
the equation becomes: 


- 1 194 _, 
— K = ; log, 3.03 X 500 V, 
or 
-~K= : log. 001181. (6) 


The value obtained for C was checked with a series of 120 disks 
made from another semolina with different optical properties, namely, 
a mean absorption coefficient of 2.42. The disks were classified with 
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respect to thickness into nine groups, each of which had a range of 0.002 
cm. The mean thickness for each group was then plotted against the 
mean absorption coefficient. Line A in Figure 4 shows the relation 
between the absorption coefficient and disk thickness when only the 
thickness correction is applied, 7.e., neglecting the factor C. Under 
these circumstances, the absorption coefficient appears to decrease 
with increasing thickness, even though a correction has been applied for 
differences in thickness. This must occur for the following reasons. 
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The loss of light by reflection at the upper surface is obviously the same 
for both thin and thick disks. A constant proportion of the light 
reaching the lower surface is also lost by reflection, but the amount of 
light reaching this surface is greater for thin than for thick disks. In 
consequence the absolute loss of light by reflection is greater for thin 
than for thick disks, and the absorption coefficient, or opacity, of a thin 
disk therefore appears to be higher than that of a thick disk. 

When the reflection correction is applied (assuming that C = 3.03) 
the line B in Figure 4is obtained. It shows that when the correction is 
made the absorption coefficient is independent of disk thickness as it 
should be with a series of disks made from the same semolina under 
identical conditions. Moreover, since the line is level, it is apparent 
that the value of C, derived from disks made from the first semolina, 
applies equally well to disks made from the second semolina, which has 
quite different properties. Thus, while on theoretical grounds it might 
be assumed that C would have a different value for different semolinas, 
either because of differences in indices of refraction or in number of air- 
solid interfaces, in practice it appears that a constant value for C can 
be used. This hypothesis has been checked with dozens of pairs of 
duplicate disks made from a variety of different semolinas. The use of 
a constant value of C to correct for reflection losses reduces the differ- 
ences between the absorption coefficients for duplicate disks differing 
in thickness. 

Accordingly, equation 6 is now being used in this laboratory for the 
calculation of absorption coefficients for all micro disks of alimentary 
paste. The calculation of K can be simplified by drawing a graph of 
log, .00118V, for a wide range of voltages. The value obtained from 
this graph for the corrected voltage generated in the cell by the light 
transmitted by the test disks, when divided by the thickness of the 
disk, gives the absorption coefficient K of the material in the body of 
the disk. 


Total Color Scores 


When macaroni samples or micro disks are matched on a color 
comparator against the Wallace and Tiernan disks described by Baker 
(1939), four figures are obtained representing the percentages of black, 
white, yellow, and red used in matching the sample. No ordinary indi- 
vidual can create in his mind an image of the color of the disk by looking 
at these four figures, nor is it easy to determine by inspection of the data 
the order in which a series would be placed by visual comparison. Ac- 
cordingly, it is frequently useful to summarize the data by combining 
the figures for black, white, yellow, and red into a total color score. 
This arbitrary procedure does not represent a fundamental approach 
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to the problem of assessing color characteristics, but can be defended 
to the extent that it yields figures correlated with visual placing. It 
has proved particularly useful for summarizing color data for plant 
breeders, grain inspectors, and other persons less conversant with the 
qualities of macaroni than the cereal chemists who have specialized on 
this product. 

A formula for calculating a color score for macaroni was published 
by Binnington, Johannson, and Geddes (1939), but this proved to be 
unsatisfactory for the wide range of colors obtained in a study of the 
effects of processing factors on the quality of micro disks (to be de- 
scribed in a second paper), since it was found that white disks had a 
better score than translucent yellow ones. It was therefore necessary 
to design a formula which would hold over a wider range of color 
combinations. 

The new formula is based upon the degree to which a disk fails to 
match an arbitrarily selected combination of colors, namely red 5%, 
yellow 40%, white 10%, and black 45%. The score is reduced by the 
square root of the sum of the weighted squares of the departures from 
the standard percentage of any color; thus negative and positive de- 
partures from the standard are given equal weight. It should be noted, 
however, that the choice of the percentages is such that the disks will 
normally require more than 5% of red and 10% of white, and less than 


40% of yellow and 45% of black. The relative importance of de- 
parture with respect to each color is adjusted by multiplying the square 
of the departure by a constant. For example, it is considered about 
four times more detrimental to be 1% high in red than to be 1% high 
in white. The constant for red is thus 4, whereas that for white is 1. 
The formula tentatively adopted is as follows: 


Color score = 100 — ¥4(5—R)? + 2(40—Y)? + (10—W)? + (45—B)?. 

This formula gives scores which are in good agreement with visual 
placing. Tests made with 13 samples of macaroni gave a correlation 
of 0.94 between the scores given by the new formula and by that of 
Binnington etal. The correlation between the new color score and the 
absorption coefficient is illustrated in Figure 5. The data represent 
series of disks processed by different methods from a single semolina 
and all are of the same pigment content. A more comprehensive study 
of this relationship will appear in a future paper. 

It should be emphasized that the equation for the color score is de- 
veloped in an arbitrary manner by trial and error and comparison of 
the results obtained with visual placing. The formula of Binnington 
et al, which involves a calculation of saturation, hue, and brilliance, and 
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a subsequent combination of these to give a total score, appears to re- 
present a more fundamental approach to the problem of assessing color 
data. Actually it is no more fundamental or less arbitrary than the 
new formula. Both are developed by the same method; no theoretical 
support can be offered for the values given to the constants introduced 
into either equation, nor can they be supported by objective quanti- 
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Fig. 5. The relationship of the new total color score to the optical absorption coefficient. 


tative data (Binnington et al). They can be checked only against 
visual placing and this depends on subjective judgment. The only 
safeguard which can be used is that of comparing one’s judgment with 
that of other experienced persons and this practice is followed peri- 
odically in the laboratory. 


Relation Between Absorption Coefficients and Colors 


When absorption coefficients and colors, for a series of disks made 
from the same semolina, were compared by plotting the former against 
percentages of black, white, red, and yellow, the graph shown in 
Figure 6 was obtained. This graph does not appear to support the 
hypothesis, mentioned earlier, that more opaque disks look less yellow 
because one cannot see as far into them. The curves show that the 
percentage of yellow increases instead of decreasing with increasing 
absorption coefficient. Moreover, the percentage of red shows only a 
very slight decrease with increasing opacity. 

Further consideration led to a new method of interpreting results 
obtained with Wallace and Tiernan disks. Black does not reflect light. 
Accordingly, when a paste disk is matched by a certain combination of 
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the black, white, red, and yellow disks, the amount of light reflected by 
the paste is balanced by the amount of light reflected by the white, 
red, and yellow segments only. The adjustment of the black segment 
serves only to reduce or increase the total amount of light reflected, and 
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Fig. 7. The relationship of the optical absorption coefficient to yellow, white, and red 
expressed as percentages of the nonblack component. 


percentage of black actually measures the inability of the paste disk 
to reflect the light. 

It thus appears that a better understanding of the color of the paste 
can be obtained by considering the three colors as percentages of the 
nonblack component. When the data shown in Figure 6 are treated in 
this manner, the graph in Figure 7 is obtained. Both yellow and red 
now decrease with increasing opacity in accordance with the hypothesis 











184 MICRO TESTS OF ALIMENTARY PASTES Vol. 20 


outlined above. It should be added that this decrease in yellowness 
with increasing opacity can be readily observed when the disks are 
compared visually. An average set of experimental data illustrating 
this point are shown in Table I. It will be observed that when the old 
method of recording color percentages is used the white disks are re- 
ported as containing a higher percentage of yellow than the yellow 
disk. The discrepancy disappears when the new method of recording 


























TABLE I 
COMPARISON OF OLD AND NEW METHODS OF RECORDING COLOR DATA 
Color as percent of , Color as percent of nonblack 
all components com ponents 
Appearance 
of disk | 
Yellow | Red Ra White | Black Yellow | Red White 
% | % | % % % % 
Whitish 31.4 | 9.1 331 26.4 42.6 12.4 45.0 
Pale yellow 29.9 | 10.7 | 21.7 37.7 48.0 17.2 34.8 
Yellow 28.2 11.3 | 16.8 | 43.7 50.1 20.0 29.9 
| | 











color as percentages of the nonblack component is used. This fact 
alone provides strong support for the new method of interpreting color 
data. 

The data shown in Figures 6 and 7, and in Table I, were obtained 
from disks processed from single samples of semolina. It therefore re- 
mains to be seen whether this additional method of interpreting color 
percentages will prove useful in studying the relative quality charac- 
teristics of different semolinas. The method is described in this paper 
merely because it serves to elucidate the relation which exists between 
the opacity and color characteristics of alimentary pastes. 


Summary 


The method of Fifield, Smith, and Hayes (1937) for preparing micro 
disks of alimentary paste has been modified in certain ways so as to 
increase the reproducibility of the test. The chief modifications in- 
volve the use of (1) a thermostatically controlled, motor-driven mixer, 
(2) motor-driven sheeting rolls, and (3) wax-coated celluloid instead of 
cellophane for covering the disks during pressing. A photometer is 
described with which a precise and objective measurement of the optical 
absorption coefficient (degree of opacity) of the disks can be made. 
The calculation of the coefficient involves certain difficulties and the 
derivation of the required formula is therefore described in detail. 
Determination of the absorption coefficient provides a new and useful 
method of assessing the quality characteristics of the disks. A formula 
for computing total color scores from data obtained by comparing paste 
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with Wallace and Tiernan disks is recorded and discussed. Study of 
the relation between the absorption coefficient and Wallace and Tiernan 
color data suggests a new method of interpreting the latter which 
appears to lead to a better understanding of the color characteristics of 
the paste. 
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MICRO MILLING AND BAKING OF SMALL 
SAMPLES OF WHEAT ' 


Max E. McCLuGGAGE ? 
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Estimating the baking characteristics of small lots of wheat is im- 
portant in the development of new varieties by plant breeders. Con- 
sequently, there has been considerable demand for reliable methods of 
testing the smallest possible samples. 

Geddes and Aitken (1935) developed a modified Allis experimental 
mill which was designed to mill a 100-g instead of the usual 2,000-¢ 
sample. They milled a series of wheats with it and also with the 
regular Allis mill and baked the resulting flours into bread. A 25-g 
dough and scaled-down equipment were used for the micro-milled 
flours, while the usual methods were used for the regularly milled flours. 
They found no evidence that the two milling methods produced flours 
of different baking characteristics. The principal objection to their 
methods S appears to be the expense of constructing the mill. 


1 T he sede reported herein are a part of the cooperative work carried on between the Division of 
Cereal Crops and Diseases, Bureau of Plant Industry, U.S. Department of Agriculture, and the Agricul- 
tural Experiment Stations of the Great Plains Region. Published as Contribution No. 85 of the 
Department of Milling Industry, Kansas Agricultural Experiment Station. 

2 Formerly Agent, Division of Cereal Crops and Diseases, Bureau of Plant Industry, U.S. Depart- 
ment of Agriculture, and Hard Winter Wheat Quality Laboratory, Kansas Agricultural Experiment 
Station, Manhattan, Kansas. 











186 MICRO MILLING AND BAKING Vol. 20 


Van Scoyk (1939) reported that a micro method, using a 25-g dough 
and special equipment, gave results that compared favorably with 
those obtained by the usual methods. 

Harris and Sanderson (1939) made a study similar to that reported 
by Geddes and Aitken and concluded that there were no significant 
differences in protein content, flour yield, and loaf volume that could 
be attributed to the two methods of milling. 

Clark * demonstrated that he could obtain a meal, by grinding wheat 
on a laboratory grinder and sifting the ground material through a 
10XX flour cloth, that produced dough-mixer curves resembling those 
obtained from a commercially milled flour. The material passing 
through the cloth was termed ‘‘wheat meal’’ and the curves were re- 
ferred to as ‘‘wheat meal dough-mixer curves.” 

Swanson and Johnson (1941) developed a technique similar to that 
used by Clark for milling on a Hobart laboratory grinder. They found 
a high correlation between the characteristics of the curves produced 
from the wheat meal thus milled and those from regularly milled flour 
of the same wheat. 

Any technique of micro milling and baking, if it is to be widely 
useful for plant breeders, must make use of inexpensive and easily 
obtainable equipment. A laboratory grinder to mill the wheat and 
the micro-baking techniques previously referred to meet these require- 
ments. The purpose of this paper is to report the results of a study in 
which this combination was used. 


Plan of the Work 


The studies reported herein involve two phases of the same problem: 
(1) a preliminary study of the reproducibility of results from day to 
day with micro-baking techniques using two types of pans, and (2) 
a comparison of baking results obtained with the micro-milling and 
micro-baking techniques with those obtained by the regular procedures 
used in this laboratory. 

In the preliminary study eight samples of wheat (chosen to cover a 
wide range of baking characteristics) were milled on three different 
days by the technique described herein. Each of the 24 flours was 
then baked as a single loaf on each of 3 days in a high and in a low pan. 
Forty-eight loaves were baked each day and a total of 144 loaves for 
the study. 

For the comparison of the micro and regular techniques a series of 
25 samples was selected which had widely different baking character- 
istics. They were milled and baked by the micro techniques and the 





3 Personal communication from Mr. Rowland J. Clark, Director of Research, The Shellabarger Mill 
and Elevator Company, Salina, Kansas, dated August 15, 1939. 
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results were compared with those that had been obtained several 
months earlier by the regular procedure. 


Techniques Used 


Regular milling procedure: The samples were cleaned and scoured in 


the usual way before milling and tempered according to their require- 
ments as described by McCluggage (1939). A 4,000-g sample of each 
wheat was milled on a Buhler mill to a straight grade flour as nearly 
comparable as possible with that which presumably would be secured 
under commercial conditions. The mill was set for each individual 
sample. The atmospheric conditions in the mill room were automati- 
cally controlled as nearly as possible to 70°F and 50% relative humidity. 
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tion are re-ground until about 70% of the total products have been recovered as flour. 
Fig. 1. Flow sheet used in milling samples on the Hobart laboratory grinder. 

Regular baking procedure: The bakings were made with unbleached 
flour which had been stored at 70°F for three weeks after milling and then 
placed in cold storage at 40°F until baked. The following ingredients 
were used: 200 g flour, water as needed, 12 g sugar, 3 g salt, 4 g yeast, 
6 g shortening, 8 g dry skim-milk solids, 0.5 g malt (120°L), and potas- 
sium bromate as needed. 

The doughs were mixed to optimum development for each sample 
with a Swanson-Working mixer, and since the pans would accommo- 
date only 100 g of dough, each was divided into equal parts and fer- 
mented at 86°F for 105 minutes to the first punch, 50 minutes to the 
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second punch, and 25 minutes to the pan. They were proofed at 
86°F for 55 minutes and baked for 25 minutes at 420°F. The doughs 
were mechanically punched and molded. Duplicate bakes were made 
on separate days or a total of four loaves for each sample were baked. 

Micro milling technique: The micro millings were made with a 
Hobart laboratory grinder, this being substituted for the regular ex- 
perimental rolls. A flow similar to that used with the Allis mill was 
employed and is described in Figure 1. The sifting was done on a 
Roto-matic sifter. Swanson and Johnson (1941) used a limited num- 
ber of grindings and obtained very low flour yields, but in the present 
study a sufficient number of breaks and reductions were used so that 
normal yields of approximately 70% were obtained. 


TABLE I 


EFFECT OF MILLING AND TyPE OF PAN ON Micro-LOAF VOLUMES 


Loaf volumes (cc) 


Variety = Baked in high pan | Baked in low pan 
Is 2nd 3rd ’ is 2nd 3rd : 
i pee ye Av p oa be Av 
Kharkof ist | 190 | 200 | 190 | 193 | 205 | 203 | 195 | 201 
| 2nd | 195 | 180 | 188 | 188 | 210 | 195 | 205 | 203 
| 3rd | 190 | 195 | 190 | 192 205 | 195 | 180 | 193 
Cheyenne | Ist | 180 | 210 | 170 | 187 | 210 | 215 | 180 | 202 
2nd | 180 | 195 | 193 | 189 | 196 | 207 | 205 | 203 
| 3rd 190 | 190 | 195 | 192 | 205 | 200 | 195 | 200 

| | | 
Pawnee Ist 180 190 | 180 | 183 | 210 | 190 205 | 202 
| 2nd 190 | 193 | 175 | 186 | 195 | 187 | 195 | 192 
| 3rd | 185 | 185 | 175 | 182 | 185 | 195 | 190 | 190 

| | | 

| | | | | 
‘Tenmarq | Ist | 165 | 175 | 165 | 168 | 175 | 182 | 180 | 179 
| 2nd | 150 | 158 | 165 | 158 | 180 | 165 | 175 | 173 
| 3rd | 160 | 165 | 157 | 161 | 165 | 170 | 170 | 168 
Kharkof Ist 140 | 147 | 150 | 146 | 150 | 155 | 147 | 151 
2nd 150 | 160 | 157 | 156 | 150 | 160 | 147 | 152 
| 3rd 140 | 145 | 140 | 142 | 150 | 152 | 150 | 151 

| 
Pawnee | ist 145 | 145 | 135 | 142 | 150 | 150 | 145 | 148 
2nd 140 | 140 | 140 | 140 | 150 | 150 | 150 | 150 








3rd 140 | 140 135 | 138 150 | 150 147°| 149 








Comanche | 1st | 140 | 145 | 135 | 140 | 150 | 153 | 147 | 150 
| 2nd | 150 | 142 | 145 | 146 | 150 | 145 | 145 | 147 

| 3rd | 140 | 143 | 130 | 138 | 150 | 145 | 150 | 148 

Nebred | Ist. | 210 | 212 | 210 | 211 | 218 | 235 | 235 | 229 
2nd | 190 | 210 | 205 | 202 | 235 | 235 | 210 | 227 

| 3rd | 195 | 202 | 205 | 201 | 205 | 223 | 202 | 210 
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Each 300-g sample of wheat was tempered to 16% moisture and 
allowed to stand overnight. The grinder was adjusted for each sample 
and for each step of the flow sheet. The final reductions and siftings 
were continued until approximately 70% of the total products were 
obtained as flour. The grinder settings shown on the flow sheet are, 
of course, only approximate. 

In using the laboratory grinder as a mill it was found necessary to 
avoid overloading the grinder to prevent overheating of the samples. 
The grinder was thoroughly cleaned between samples to avoid con- 
tamination of one sample by another. 

Micro baking techniques: Twenty-five grams of flour was mixed and 
baked, with the same proportions in the formula as were used for the 
regular baking procedure. The doughs were mixed in a National non- 
recording micro mixer, fermented in 250-ml glass beakers covered 
with watch glasses, and were punched and molded by hand. The pans 
were the official A.A.C.C. style, only reduced to one-fourth the usual 
volume.* The loaf volumes were measured in a National volume 
meter by inserting a 400-cc dummy with the loaf. 

TABLE II 


ANALYSIS OF VARIANCE OF DATA SHOWING EFFECT OF MILLING, BAKING 
AND TYPE OF PAN UPON Micro-LoaF VOLUMES 























Cause of variance Ip Degrees freedom | Sum of squares Mean squares F 
Sample (S) | 7 90,365 12,909.4 251.0* 
Millings (M) 2 608 304.0 ag 
Bakings (B) 2 625 312.5 61° 
Pans (P) | 1 3,640 3,640.0 70.9* 
ist order error 131 6,733 51.4 — 
Sx M 4 799 | 7.1 |  1.2t 
SxXB 14 849 60.6 1.37 
Sx F 7 537 76.7 1.67 
M X 4 223 55.8 1.2t 
M XP | 2 68 34.0 0.7+ 
Bx P | 2 174 87.0 | 1.9+ 
2nd order error 88 4,083 46.4 | — 
Total | 143 | 101,971 | cose _ 








* Highly significant value. 
+ Nonsignificant value. 


Experimental Results 


The results of the preliminary study are presented in Table I. 
Since the baking characteristics other than loaf volumes were not dif- 
ferentiated, loaf volume data only are given. Analysis of variance 
was applied to the data and the results are tabulated in Table II. It 








4 Acknowledgment is made of the loan of the pans used in this study by Mr. R. M. Sandstedt, 
Nebraska Agricultural Experiment Station, Lincoln, Nebraska. 
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will be seen that there were significant differences between millings 
on different days and also between bakings made on different days. 
The greatest differences, however, were related to the type of pan. It 
seemed advisable, therefore, to apply analysis of variance separately 
to the data for each type of baking pan. This was done and the result- 
ing data are given in Table III. 


TABLE III 


ANALYSIS OF VARIANCE OF DATA SHOWING EFFECT OF MILLING AND BAKING 
UPON Micro-LoAF VOLUMES WHEN BAKED IN Two TyPEs OF PANS 















































aaa 
Baked in high pan ot Baked in low pan 
Cause of variance DF - 
Mean square F E Mean square F 
Sample (S) 7 5,740 | 130.0* | 7,302 140.4* 
Bakings (B) 2 252 | tO ug 121 2.3T 
Millings (M) 2 68 1.57 . 234 4.5* 
lst order error 60 44 | | 
SXB | 14 44 | 1.2¢ | 63 | 1.2t 
Sx<M 14 ao | 1ST | oC 1.07 
M XB 4 a 1.5t 56 | 1.17 
2nd order error 28 a -= 52 | 
Total } ma | — —- | = — 
Between samples | 7 | 5,740 | 110.4% | 7,245 114.1" 
Within samples 64 52 — 64 








Total 71 — — — — 





* Highly significant value. 

t Nonsignificant value. 

The loaf volumes obtained with the low pans were significantly 
larger than those obtained with the high pans, but the variance was also 
greater, which suggests that both types were equally efficient in dif- 
ferentiating between varieties. None of the interactions was signifi- 
cant. Hence it would seem that either pan might be used with satis- 
factory results. It may be noted, however, that when considered 
separately the low pans indicated significant differences between day- 
to-day millings, whereas the high pans did not, and conversely that 
the high pans indicated significant differences between day-to-day 
bakings, whereas the low pans did not. No logical explanation for 
this differential reaction seems apparent. On the assumption that 
there was a real though unknown reason for the difference, the high 
pans only were used in subsequent work, since it is possible to replicate 
bakings with samples of wheat so small that replicate millings cannot 
be made. 
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Comparison of Micro and Regular Techniques 


Table IV gives the pertinent analytical data for the wheat and flour 
and the baking results necessary for a comparison of the micro and the 
regular techniques. Each loaf volume reported is an average of two 
bakes. 

The ash of the micro-milled flours was much higher than is usually 
expected from flours milled to a 70% yield. The protein content was 


TABLE IV 


CHEMICAL ! AND BAKING DATA FOR THE WHEATS AND FLourRS MILLED 
BY THE MICRO AND REGULAR TECHNIQUES 


Wheat Buhler flour Micro-milled flour 















































Variety Source of 
, samples | | Loaf | Loaf 
Mois-| Ash Pro- | Mois-| Ash} Pro- | vol- |Mois-} Ash} Pro- | vol- 
| ture | | tein | ture | tein | ume | ture tein | ume 
% 1% | % | %1|%| %| « |S 1m| % | 
Kharkof | Central 10.9 | 1.70 16.4 | 14.4 | .43 | 15.6 | 1149 | 13.4 | .83 | 17.0 | 194 
Blackhull Great | 10.9 | 1.68 | 16.2 | 14.3 | .42 | 15.6 | 1079 | 12.8 | .70| 16.5 | 198 
lenmarq Plains | 10.9 | 1.68 | 15.7 | 14.2 | .45 | 14.8 | 1003 | 13.8 | .88 | 16.0 | 188 
Oro } 11.1 | 1.75 | 16.2 | 14.9 45 | 15.3 | 1142 | 14.2 | .83 | 16.7 | 205 
Cheyenne 11.0 | 1.67 | 15.8 | 14.7 | .43 | 15.0 | 1003 | 13.5 | .81 | 16.2 | 186 
Pawnee 11.1 | 1.53 | 15.9 | 14.5 | .42 | 14.3 | 1036 | 13.2 | .81 | 16.5 | 193 
Comanche 11.2 | 1.61 | 16.3 | 14.3 | .39 15.3 | 1047 | 13.1 | .77 | 16.5 | 193 
Chiefkan 10.7 | 1.66 | 15.8 | 14.0} .41 | 14.8 823 | 13.0 | .82 | 16.0 | 164 
| | | ——EE— 
Kharkof Southern 11.4 | 1.64 | 13.9 | 14.6 | .45 | 12.6 | 859 | 13.6 | .83 | 13.6 | 164 
Blackhull | Great | 11.4 | 1.73 | 13.6 | 14.4 | .39 | 12.7 831 14.2 | .68 | 13.6 | 164 
Tenmarq | Plains 11.3 | 1.57 | 14.0 | 14.4 .40| 12.3 | 878 | 12.6 | .83 | 13.7 | 170 
Chiefkan } | 11.5 | 1.64 13.7 | 14.3 | .43 | 12.8 | 720 | 12.9 -85 | 13.9 | 150 
————————— _ - — ——— | ———— | —— ~*~, — |) ——--} — ——- | —— | ——-_ } — 
Kharkof Northern | 9.6 1.46 | 13.0 | 13.9 45 | 12.5 | 828 | 12.9 | .80| 13.3 | 155 
Nebred Great 9.4 | 1.44 13.1 | 14.1 42 | 12.7 846 | 12.6 | .68 | 13.2 | 175 
Plains | 

Blackhull Denton, ij—- |— | — | 14.5] 38) 9.8 692 | 12.8 | .94/] 10.7 | 145 
Tenmarq Texas — — | — | 149] 47/1 9.7 688 | 13.3 | .83 | 10.0 | 147 
Pawnee } — | — | — | 14.9] .45] 9.8] 680 | 13.1 | .82 | 10.3 | 145 
Comanche i— — — | 14.4] .49| 10.1 725 | 13.4] .80/} 10.4 | 148 

Commercial 

samples 
No. 3 D.H.W. | Kansas City | 8.7 | 1.78 | 14.8 | 15.0 | .44/] 13.8] 825 | 12.3 | .93 | 15.1 | 165 
No. 2 D.H.W. | Fort Worth 8.7 | 1.72 | 15.3 | 14.6 | .45 | 14.5 973 | 12.4] .86/| 15.6 | 180 
No. 1 D.H.W. | Wichita 9.4 | 1.60 | 12.5 | 14.7 | .42 | 11.6 780 | 12.5 | .78 | 12.7 | 156 
No. 1 D.H.W. | Enid 9.1 | 1.61 | 13.9 | 14.4 | .41 | 13.1 885 | 12.7 | .86| 14.4 | 183 
No. 2 H.W. Chicago 9.0 | 1.69 | 10.0 | 15.1 | .37| 9.6 710 | 12.8 | .80| 10.7 | 154 
No. 2 H.W. Minneapolis | 9.5 | 1.72 | 10.7 | 14.9 | .43]| 9.4 686 | 13.0 | .66| 9.8 | 144 
No. 2 H.W. Portland |} 9.2] 1.45] 9.5 | 14.0} .41 8.4 | 653 | 12.3 | .82| 9.5 | 130 

| | 























1 Ash and protein values are expressed on a 134% moisture basis. 


generally higher than that in the Buhler-milled flours and in most 
cases as high as that found in the wheat from which the flour was 
milled, or higher. 

In spite of these differences in chemical composition the loaf vol- 
umes from the two flours agreed remarkably well as is shown by the 
correlation coefficients in Table V. All coefficients were so high that 
there can be no doubt as to their significance. The agreement is 
shown graphically in Figure 2 in which the micro loaf volumes are 
plotted against the regular 100-g loaf volumes. 
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TABLE V 


CORRELATION COEFFICIENTS FOR CHEMICAL AND MILLING DATA OF WHEATS MILLED 
AND BAKED BY THE MICRO TECHNIQUE (HOBART LABORATORY GRINDER) 
AND THE REGULAR LABORATORY PROCEDURE (BUHLER MILL) 











Coefficient Regression 

of correlation coefficient 
Factors correlated r b 
Wheat protein and Hobart flour protein +.99 1.07 
Wheat protein and Buhler flour loaf volume +.90 _- 
Wheat protein and Hobart flour loaf volume + .89 — 
Hobart flour protein and Hobart flour loaf volume +.90 —_ 
Buhler flour loaf volume and Hobart flour loaf volume +.97 7.24 





All the points in Figure 2 except six fell so close to the regression line 
as to be within the experimental error (25 cc) of the 100-g loaf volumes. 
There is some indication that these six points were the results of random 
errors, since they were not grouped in any particular part of the loaf- 
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Fig. 2. Loaf volumes by the Hobart-micro method and the Buhler 100 g method. 


volume range and half the points were above and half below the 


regression line. 

The regression equation (100-g loaf volume = 7.24 micro-loaf 
volume — 347) is represented by the solid line. This equation was 
used to calculate the expected 100-g loaf volumes. The standard error 
of estimate was found to be 39 cc, as compared to the 25-cc error of 
replication for the 100-g loaf volumes. If a check sample of known 
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characteristics is included in each series of samples of unknown quality, 
their relative merits can be determined by direct comparison and the 
estimated 100-g loaf volume need not be calculated. 


Summary 


The data presented show that a fairly accurate picture of the 
baking characteristics of wheat samples may be obtained by the 
micro-milling and micro-baking techniques described herein. 

The techniques described in this paper are not proposed as short 
cuts. The time required for testing samples by these methods is 
approximately the same as for the regular laboratory procedures. 

One advantage of the micro methods is that only about one pound 
of wheat is required, as compared with the usual five-pound sample. 
Another advantage is that the regular laboratory wheat grinder is 
used for the milling, thus eliminating the necessity of owning a micro 
experimental mill, which is expensive. It should be possible to de- 
velop small-size fermentation cabinets and baking ovens so that the 
entire equipment for milling and baking would require very small 
space. 

This method is of importance to any plant breeder who has a few 
samples to test each year and desires baking information in the early 
stages of development of new varieties of wheat. This technique offers 
each plant breeder an opportunity to make baking determinations 
without investing large amounts of space, equipment, and material. 
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YEAST VARIABILITY IN WHEAT VARIETY TEST BAKING! 


K. F. Frnney and M. A. BARMORE ? 


(Read at the Annual Meeting, May 1942) 


From the time the Hard Winter Wheat Quality Laboratory first 
began to use the rich, highly bromated formula giving large loaf 
volumes it was noted that occasionally the volumes for a bake of 
various samples would be from 0 to 200 cc below those for the same 
samples baked on another day. The amount of volume decrease 
seemed to depend, for the most part, upon the protein quality and con- 
tent of the varieties being tested. Such results were at first thought 
to be due to lack of proper temperature control or to hand manipulation 
of the dough. After the installation of accurately controlled refrigera- 
tion and heating units as well as mechanical dough-handling equipment, 
however, such discrepancies continued to occur. It was later noted 
that when such irregular baking results occurred, each replicate had 
been baked with a different lot of yeast. Since then all yeast supplies 
have been tested for baking uniformity, using the same flour. By dis- 
carding all lots of yeast that tested below normal, the variability be- 
tween replicate bakes on different days has been materially reduced. 
This paper is a report of the variations encountered and the effects of 
such in variety test baking. 

The commercial baker deals with flours which average lower in 
protein and show less variation in protein quantity and quality than 
those encountered in the experimental baking of varieties. In the 
latter type of work one may encounter flours with a range of 10% 
in protein, and varying in quality from those that are very strong to 
those too weak for normal and satisfactory commercial use. 

Varieties differing in protein quality and in physical and chemical 
properties respond differently to various baking ingredients. This 
variation in response becomes greater as the volume level rises, the 
volume level being a function of quality and quantity of protein. It is 
therefore natural to expect that as the volume level becomes greater 
there will be larger differences between duplicate bakes when using 
yeasts of varying strength. Yeast variations which would pass un- 
noticed by the commercial baker may then become of significant 
importance in studies dealing with wheat variety flours, especially in 
the higher volume levels. 





1 The studies reported herein are a part of the ccéperative work carried on between the Division 
of Cereal Crops and Diseases, Bureau of Plant Industry, U.S. D. A., and the Agricultural Experiment 
Stations of the Great Plains Region. Published as contribution No. 82 of the Department of Milling 
Industry, Kansas Agricultural Experiment Station. 

? Associate Chemist and Chemist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. S. D. A., Hard Winter Wheat Quality Laboratory, Kansas Agricultural Experiment Station, 
Manhattan, Kans. 
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Experimental bakers have pointed out variations in yeast activity. 
Studies such as those of Harrel (1926), Cook and Malloch (1930), 
Weaver, Talbot, and Coleman (1933), Bailey, Bartram, and Rowe 
(1940), and Iwanowski and Brezezinski (1934, cited by Bailey et al), 
clearly demonstrate that the activity of yeast, like other biological 
materials, is affected by its environment and that it is particularly 
influenced by extremes of temperature. 

Cook and Malloch (1930), in addition, found that the gas produc- 
tion of different samples of the same brand of yeast varied considerably. 
The studies of Weaver et al (1933) also included two brands of yeast; 
as a result of their work they recommended that more uniformity 
between different brands was advisable for experimental test baking. 

Testing of yeast was carried out with the usual straight-dough 
method and what was considered an approximately optimum baking 
formula containing the following ingredients per loaf: 100 g flour, water 
as needed, 6 g sugar, 1.5 g salt, 3 g shortening, 2 g yeast, 4 g milk solids, 
0.25 g 120°L malt syrup, and 3 mg KBrQO3. In these studies the various 
lots of yeast were stored at a temperature of 35°F during the intervals 
between baking tests. 

The A. A. C. C. baking test procedure was used in conjunction with 
optimum mixing time. The advantages of the rich, highly bromated 
formula have been pointed out by the authors (1939, 1941). The 
procedure has been to test two lots of yeast at a time, 7.e., one was being 
tested for the first time while the other, under test for the second time, 
had reacted normally in previous tests and was therefore being used in 
the regular baking. Three replicates of each lot were baked on the 
same day using a uniform lot of flour containing 13.5% protein. The 
supply of flour was kept at 35° to 40°F. This method of testing yeast, 
although requiring additional work, can be carried out simultaneously 
with the routine baking schedule which is in no way interrupted as 
might be the case if tests of a different nature were involved. 

The loaf volumes secured from the same uniform lot of flour but 
with different lots of yeast ranged from 855 to 980 cc. The variation 
was greatest in the summer and early fall months, suggesting lack of 
uniformity in storage conditions after manufacture as a probable 
cause. About 20 of the different lots of yeast secured during a period 
of nearly four months produced loaves averaging 963 cc with all 
averages for each lot varying no more than +20 cc from this value. 
Only those yeasts testing 960 + 20 cc were considered “normal” and 
therefore used in regular baking work. 

Figure 1 shows the time in days before the lot of yeast designated 
as A showed deterioration as measured by the loaf volumes of the uni- 
form lot of flour referred toabove. The results indicate extremely good 
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stability and keeping qualities for at least 18 days. By the twenty- 
seventh day, however, this yeast showed definite deterioration, giving 
results similar to those shipments which tested below normal upon 
arrival at the laboratory. 
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Fig. 1. Time in days before yeast A showed deterioration. 


Figure 2 shows the variation in loaf volumes produced by different 
lots of yeast (designated as A, B, C, D, and E) used in concentrations of 
2.0, 2.5, 2.75, 3.0, and 3.5%. The variation from the subnormal of 855 
cc to the normal of 963 cc, at a concentration of 2%, indicates the 
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Fig. 2. Effect on loaf volumes of increasing the concentration of subnormal and normal lots of yeast. 


variation in yeast strength encountered when using this concentration 
in the formula. Yeast A is from the same lot that produced the data 
shown in Figure 1, but after it had been kept for 27 days. Lots B, C, 
and D were fresh shipments of yeasts representing various degrees of 
subnormality. Two % of yeast E produced loaves that averaged 
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963 cc which is the average of the 20 lots mentioned above. Yeast E 
is therefore considered normal. 

The curves of Figure 2 indicate that the yeasts which were lacking 
in ability to develop normal loaf volumes at 2% concentration, can be 
corrected for by increasing their concentration in the formula. It 
should also be noted that increasing the concentration of the normal 
yeast E above 234% resulted in a reduction of loaf volume. Such 
results are, for the most part, a function of the formula used. The 
conclusions from investigations in progress in this laboratory are that 
the action of yeast and bromate, as well as fermentation time, are com- 
plementary to a large extent in the securing of optimum baking results. 

That subnormal yeast can be corrected for by increasing the con- 
centration in the formula is further substantiated and probably better 
illustrated by the results shown in Figure 3 obtained with (part B) 
and without (part A) increasing the concentration of subnormal yeast. 
Part A of Figure 3 shows the results obtained when 10 different lots of 
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Fig. 3. Shows that by increasing the concentration of a sub-normal yeast, 
normal load volumes can be obtained. 


flour representing a large range in loaf volume were baked with 2.0% 
of a normal yeast E and with 2.0% of a subnormal yeast X, testing 
902 cc (about 60 cc low). The solid line locates where the points 
should fall when plotting the loaf volumes obtained with two normal 
lots of yeast. The allowable deviations from the solid line due to 
experimental error are defined by the broken lines. Actually, however, 
the regression coefficient for these points is 0.85 instead of 1.0, and the 
volumes are penalized from 30 cc at the lower volume level to 70 cc at 
the higher level as a result of using the subnormal yeast X. These 
data show that significant loaf-volume discrepancies between replicates 
resulted from using equal concentrations of yeasts of unequal strength. 
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The data including the regression coefficient of 0.85 also show that the 
inferiority of poor yeast is magnified in the higher volume levels. 

The same ten samples of flour represented in part A of Figure 3, 
plus 20 additional ones, were baked with 244% of a similar subnormal 
yeast C testing 908 cc (about 50 cc low) and with 2.0% of the normal 
yeast E testing 960 cc. Although yeasts X and C were not identical, 
each represented about the same degree of subnormality. The solid 
line in part B of Figure 3 indicates where the points should fall if 244% 
of the subnormal yeast C produces loaf volumes identical to those 
obtained with 2.0% of the normal yeast E. The allowable deviations 
from the solid line due to experimental error are defined by the broken 
lines. The regression for these points is 0.998. These data show that 
completely normal loaf volumes were obtained, regardless of volume 
level, by increasing the concentration of the subnormal yeast C. 

A third study was made to determine the effect of using subnormal 
yeast in the evaluation of varieties, especially at different protein levels. 
For this purpose the following samples were used: the varieties Ten- 
marq, Comanche, and Chiefkan, grown at several experiment stations 
in the Great Plains in 1939, and six station composites each of which 
was composed of equal parts of Turkey, Blackhull, Tenmarq, Nebred, 
and Chiefkan grown in Kansas. The formula used was the same rich, 
highly bromated formula used in yeast testing except that 4 mg of 
KBrO; was used for the composite protein series and 5 mg for the 
Tenmargq, Comanche, and Chiefkan series. Standard A. A. C. C. 
baking test procedures were used in conjunction with an optimum 
mixing time. Each sample was baked with a normal and a subnormal 
yeast. The subnormal yeast used produced an average loaf volume of 
898 cc (65 cc low) with the uniform standard flour described earlier in 
this paper. 

The results are shown in Figure 4, with loaf volumes along the 
ordinate and protein content on the abscissa. It is at once apparent 
that markedly different results were secured in most cases with the two 
lots of yeast. In general, the difference between the normal and sub- 
normal yeasts increases with the protein content of the flour, undoubt- 
edly because the loaf volume level increases markedly with protein 
content. The smaller volume differences for Chiefkan at any protein 
content would be expected because of its lower volume level. 

These results suggest that 2% of the normal yeast resulted in more 
development of the protein than the same concentration of subnormal 
yeast and was more nearly optimum. Also, it is quite generally recog- 
nized that as the protein content increases within a variety, the fer- 
mentation and/or oxidation requirement increases, thus accounting for 
the greater loaf volume decreases in the high-protein or high-volume 
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Fig. 4. Effect of yeast variability on loaf volume for flours representing various protein levels using 
the rich, highly bromated formula. 
levels when using subnormal yeast. These results obtained with low- 
strength yeasts are similar to those frequently obtained with experi- 
mentally milled flours baked with formulas deficient in KBrO;. The 
volumes obtained at the low protein levels indicate that the average 
variations in yeast would probably pass unnoticed by the commercial 
baker, since he generally works with flours containing 12% to 13% 
protein. 

Serious error followed by erroneous conclusions can result from 
the occasional use of a subnormal yeast. For example, varieties grown 
in one environment and baked with a subnormal yeast would prob- 
ably appear definitely inferior to the same varieties from another 
location when baked with normal yeast. Similar inconsistencies would 
be expected for varieties baked with a subnormal yeast one year and 
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with a normal yeast the next. Undoubtedly yeast variability has been 
an important factor contributing to inconsistent results in the past. 
The amount of error introduced by using nonuniform yeast supplies 
will depend, for the most part, upon the degree of variability existing 
in the yeast used as well as upon the flour and its protein content. 


Summary 

Experiments reported herein show that considerable variability in 
experimental baking resulted with nonuniform yeast. A uniform 
sample of flour stored at 35°F produced, over a period of about four 
months, loaf volumes varying from 855 to 980 cc depending on the lot 
of yeast used. 

Flours representing a wide range in protein content for each of 
several hard red winter wheat varieties were baked with normal and 
subnormal yeast in a rich, highly bromated, milk-containing formula. 

Loaf volume discrepancies resulting from the use of subnormal 
yeasts were greatest for the higher protein levels and for varieties that 
normally produce high loaf volume. The degree of variability existing 
in the yeast used was also an important factor influencing the volume 
discrepancies. The data show that distinctly misleading results may 
be secured through failure to consider variation in yeast. 

Normal, fresh yeast was found to retain its baking properties unim- 
paired for at least 18 days when stored at 35°F, but by the twenty- 
seventh day showed definite deterioration. 

The results show that adjustments can be made for subnormal 
yeasts by increasing their concentration in the formula in proportion 
to the degree of subnormality. Thus a uniform and apparently opti- 
mum amount of dough development was obtained. The procedure 
adopted in this laboratory is to test each lot of yeast by making repli- 
cate bakes with a uniform lot of flour kept for the purpose and discard- 
ing all lots of yeast that fail to meet predetermined standards. 
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The determination of nicotinic acid in cereal products is made 
difficult by the presence of interfering compounds encountered in the 
preparation of extracts of these products. Because of these com- 
pounds, conflicting results are reported for the nicotinic acid content 
of cereal products. Results from dog bioassay, chemical, and micro- 
biological methods show no agreement as to the content of nicotinic 
acid in cereal products. 

By the application of different chemical procedures for the deter- 
mination of nicotinic acid in cereal products, Brown, Thomas, and 
Bina (1942) have shown that interfering substances are present in the 
extracts of cereal products. Accordingly, the chemical procedures 
must be designed to eliminate this interference in the determination 
of nicotinic acid, or otherwise abnormally high values will result. Two 
procedures were shown to be effective in eliminating these compounds: 
(1) extraction by ethyl acetate of the color complex that is formed 
in the Kénig reaction between nicotinic acid, p-aminoacetophenone, 
and cyanogen bromide, and (2) the destruction by oxidation of the 
interfering substances with hydrogen peroxide. The oxidized extracts 
gave the same value, whether determined on the aqueous phase with 
aniline or on the ethyl acetate phase with p-aminoacetophenone. 

Harris and Raymond (1939) were the first to show that ethyl 
acetate could be used to extract the color complex when p-amino- 
acetophenone was used as the aromatic amine in the K6nig reaction. 
These authors, however, failed to apply this modification in their 
published work but they, as well as Kodicek (1940), recognized that 
cereal products contain chromogens that interfere with the determi- 
nation of nicotinic acid. Arnold, Schreffler, and Lipsius (1941) used 
this modification in their published procedure for the determination of 
nicotinic acid. Bina, Thomas, and Brown (1941) recognized the value 
of this solvent in completely extracting the color complex of nicotinic 
acid and p-aminoacetophenone and in separating the complex from 
interfering chromogens. 

As a result, they adopted it as a part of their procedure. The 
fact that only a portion of the total color developed in cereal extracts 
is extractable with ethyl acetate, while all of it is extracted from yeast 
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or pure nicotinic acid with this solvent, was convincing proof to these 
authors that compounds with chemical properties different from nico- 
tinic acid were present and responsible for a part of the color measured 
as nicotinic acid by other procedures. 

One of the characteristic chemical properties of pyridine compounds 
is their marked stability towards energetic chemical reagents. Only 
the side chains are attacked by oxidizing agents, with the formation 
of the corresponding acids. If a precursor exists, nicotinic acid will 
be produced, not destroyed, by oxidation, and whatever nicotinic acid 
is present will remain. In studying the nature of the interfering com- 
pounds encountered in the determination of nicotinic acid in cereal 
products, Brown, Thomas and Bina (1942), proceeding on this basis, 
and taking advantage of the well-known stability of nicotinic acid 
towards oxidizing reagents, used hydrogen peroxide to decolorize and 
remove the readily oxidizable compounds contained in the extracts of 
cereal products. These authors showed that ethyl acetate and hydro- 
gen peroxide served the same purpose, but in different ways, in the 
determination of nicotinic acid in cereal products. Both procedures 
gave the same result for nicotinic acid, and both showed that the 
chemical properties of nicotinic acid were different from the chemical 
properties of the interfering chromogens from which it was separated. 

In this paper we present the results of analyses made on cereal 
extracts before and after treatment with oxidizing reagents. The 
assays were carried out on aliquots of the same samples by both chemi- 
cal and microbiological methods. The chemical methods used were 
the procedures of Bina, Thomas, and Brown (1941) and a procedure 
where aniline is used instead of p-aminoacetophenone. The micro- 
biological method was that of Snell and Wright (1941). The results 
obtained by the microbiological method show the presence of inter- 
fering substances that affect the values for nicotinic acid in a manner 
corresponding to similar effects in the chemical methods. Also some 
of these extracts before or after treatment with hydrogen peroxide 
gave results by the microbiological method that were of the same 
magnitude as those published by Thomas, Bina, and Brown (1942) in 
which ethyl acetate was employed to extract selectively the nicotinic 
acid color complex, formed with cyanogen bromide and p-aminoaceto- 
phenone, from other chromogens. Other extracts behave differently. 
Of the various aromatic amines which have been employed in the 
K6nig reaction, p-aminoacetophenone is the only one yielding a color 
complex selectively extractable with ethyl acetate. 


1 The determinations by the microbiological procedure were made by Dr. John Rehm and Mr. 
M. L. McCormack of the Bacteriological and Pure Culture Laboratories of Anheuser-Busch, Inc. 
The authors wish to acknowledge their valuable assistance. 
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Experimental 


Whole wheat flour: Material for these experiments was the whole 
wheat flour sample sent out for collaborative assay by Dr. John 
Andrews. Samples for analyses were prepared as follows: 20 g of the 
finely ground whole wheat flour was mixed with 100 ml of water and 
the mixture autoclaved for 30 minutes at 15 pounds pressure. The 
mixture was cooled to 50°-60°C, treated with 0.5 g of takadiastase for 
30 minutes, and again autoclaved. The extract was separated from 
the insoluble material and the residue washed twice with water. The 
combined extracts and washings were hydrolyzed with hydrochloric 
acid in accordance with the regular procedure of Bina, Thomas, and 
Brown (1941). The neutralized extract was made up to a volume of 
250 ml. Aliquots of this solution were used for analyses before and 
after oxidation treatment. These extracts contain considerable chro- 
mogen other than nicotinic acid. 

The oxidation treatment was as follows: 10-cc portions of the 
original extract were acidified by the addition of 1 ml of concentrated 
hydrochloric acid and 5 ml of Superoxol (30% hydrogen peroxide 
solution) and heated in a water bath at 60°-70°C as long as oxygen 
was given off. The water-bath temperature was gradually brought 
to the boiling point. The solution was cooled to 60°-70°C, 5 ml more 
of Superoxol was added, and the treatment continued until the solution 
was evaporated. A strongly colored residue was obtained. This was 
dissolved in 20 ml of distilled water and neutralized. The solution 





TABLE I 
COMPARATIVE TREATMENTS WITH WHOLE WHEAT FLOUR 

HO: and 

Lloyd's 

Original Peroxide reagent 
Method extract treatment treatment 

ug/e ugle ugle 

Bina, Thomas, and Brown 25.87 25.98 26.13 
Snell and Wright 43.80 24.75 23.75 


Aniline method 46.80 27.53 31.39 








was again decolorized by treatment with 5 ml of hydrogen peroxide 
and evaporated to dryness on the steam bath. A colorless residue of 
salts was obtained giving a water-clear solution when dissolved in dis- 
tilled water. This treatment usually removes all traces of hydrogen 
peroxide which affect the color determination by the chemical methods. 
Apparently traces of peroxides have no effect on the microbiological 
results. The solution at this stage may also be treated by Lloyd’s 
reagent according to Dann and Handler (1941). The assay results 
on these solutions are shown in Table I. 
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These results show that the microbiological (Snell and Wright) 
method for the determination of nicotinic acid is not specific for this 
vitamin, and the data obtained on cereal products with this method 
do not correctly indicate a measure of the nicotinic acid content of 
whole wheat flour. 

The original extract gave 38 ug/g when tested by Harris and Ray- 
mond’s method (1939) using p-aminoacetophenone. The difference 
between this value and 25.87 ug/g in the Bina, Thomas, and Brown 
procedure is due to the ethyl acetate extraction. 

A second series of experiments was made in which another extract 
of the same whole wheat flour was prepared as above and aliquots 
were used for analyses where the oxidation was made as follows: 
a 25-ml portion of the original extract was made alkaline by the addi- 
tion of 1 ml of a 15% sodium hydroxide solution. Ten ml of Superoxol 
was added and the reaction allowed to proceed at room temperature. 
The reaction begins immediately upon the addition of the hydrogen 
peroxide and proceeds with a rise in temperature of the solution and 
the evolution of considerable gas. After approximately 15 minutes 
the vigorous reaction ceases and the solution is placed on a hot plate 
and boiled for several minutes. The solution was neutralized and 
analyses made as shown in Table II. 














TABLE II 
RESULTS OF ANALYSES FOR NICOTINIC ACID IN WHOLE WHEAT FLOUR 
Method Original extract Oxidized extract 
uele ug/e 
Snell and Wright 40 48 


Aniline method 


51 35 


These results are interesting in that the treatment increased the 
values for nicotinic acid by the microbiological procedure by 20% and 
reduced the values by the aniline method by 31.4%. The two methods 
did not measure the same material, because the stimulant responsible 
for the increase in the microbiological result is not a chromogen in the 
K6nig reaction. 

‘Wheat germ: A sample of commercial wheat germ was prepared for 
analysis by the same procedure as described for whole wheat flour. 
In addition to the peroxide oxidation, portions of the extract were also 
oxidized with potassium permanganate. The results obtained are 
shown in Table III. 

The values obtained for nicotinic acid by the microbiological 
method (Snell and Wright) check very closely on the original and 
oxidized extracts for this wheat germ. These results, however, were 
appreciably lower than the values obtained by the chemical methods. 
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TABLE III 
Nicotinic Actp ANALYSES OF WHEAT GERM WITH COMPARATIVE TREATMENTS 
Original Hydrogen Potassium 
Method extract peroxide permanganate 
ug/e uele usle 
Bina, Thomas, and Brown 56.0 53 — 
Snell and Wright 35.6 38 


Aniline method 84.5 49 56.2 





This is true of the oxidized extracts where the interfering chromogens 
have been removed. The fact that approximately the same values 
were obtained on the original and oxidized extracts by the micro- 
biological method, show that oxidation does not destroy any nicotinic 
acid present in the extract. 

Wheat bran: Wheat bran free of screenings was used for these 
experiments. This material was exceptionally clean and was as free 
of germ and endosperm as commercial milling permits. Samples were 
prepared for analysis as previously described. The results are shown 
in Table IV. 

TABLE IV 





Method Original extract Oxidized extract 
ug/g ug/g 
Bina, Thomas, and Brown 140 138 
Snell and Wright 157 147 


Aniline method 256 


137 


The chemical methods showed a wide difference in results on the 
original extract of wheat bran, but give the same values on the oxidized 
extract. The microbiological values were slightly lowered by the oxi- 
dation treatment, but the difference was so slight as to be within the 
range of experimental error of the method as applied to material of 
this potency. The difference in values by the chemical and micro- 
biological methods on the oxidized extracts was also slight. The 
values are of the same order of magnitude and are in the 5% range. 

Milk powder: A sample of commercial skim-milk powder, when 
subjected to the same treatment as previously described, gave the 
values before and after oxidation that are shown in Table V. 


TABLE V 
Nicotinic Actip ANALYSES OF MILK POWDER 











Method Original extract Oxidized extract 
wel8 wele 
Bina, Thomas, and Brown 14 12.5 
Snell and Wright 10.5 10.5 


Aniline method 20.3 14.5 
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The values for milk powder showed close agreement by the micro- 
biological and the Bina, Thomas, and Brown method on the original 
and oxidized extracts but not where aniline was used. The results 
by the chemical methods were similar to the values obtained in our 
previous publication but unfortunately they were erroneously reported 
as milligrams per pound. 


Removal of Peroxides from Oxidized Extracts 


It is essential that excess peroxides be removed from the oxidized 
extract prior to color development, in the chemical procedures. We 
find that even traces of peroxides render the color complex unstable 
for accurate reading. The aromatic amines used in the chemical pro- 
cedures are attacked by excess amounts of the oxidizing agents to the 
degree in which they are present. 

We have used two procedures for the satisfactory removal of the 
excess peroxides. After treatment of the extracts with hydrogen 
peroxide in acid solution as previously described, the extract should 
be evaporated to dryness on the steam bath, the residue redissolved 
in distilled water, neutralized, and again treated with hydrogen perox- 
ide to complete the oxidation. When this solution is evaporated to 
dryness and the acids neutralized, the solution is usually suitable for 
colorimetric development. The degree of oxidation appears to be 
affected by the amount of oxidizable material the sample contains. 

A second procedure involves the use of sodium bisulfite as the 
reducing agent to destroy the excess peroxides. The peroxide-treated 
extract, after removal of most of the hydrogen peroxide by boiling, 
is titrated with a 20% solution of sodium bisulfite, using starch iodine 
outside indicator. This procedure produces sulfates which are precipi- 
tated by barium chloride and removed in the centrifuge. 

The use of Lloyd’s reagent, as described by Dann and Handler 
(1941), is also applicable for this purpose. We find, however, that 
losses may occur in this procedure due to the various precipitates and 
manipulations involved. This is especially noticeable in the micro- 
biological procedure where consistent results were not always obtained 
when this modification was employed. The presence of small amounts 
of peroxides does not affect the microbiological determination and their 
removal is not required when this procedure is used. 


Influence of the Hydrogen Peroxide Treatment on Nicotinic Acid 


Two hundred micrograms of nicotinic acid was treated according 
to our regular procedure with hydrogen peroxide in alkaline solution 
by boiling for 15 minutes and subsequent removal of excess peroxide. 
Determinations made on this oxidized solution gave recoveries of 
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99.25% and 107%, respectively, when determined by the chemical 
procedures. There was no difference in the recoveries of added nico- 
tinic acid between the oxidized and unoxidized samples by the micro- 
biological method. This range was from 80% to 120%. 


Discussion and Summary of Results 


The use of oxidizing agents to remove interfering compounds en- 
countered in the determination of nicotinic acid shows that the 
microbiological method of Snell and Wright (1941) is not specific for 
nicotinic acid and that substances other than nicotinic acid influence 
the production of acid used as the measure of the test. The data 
obtained on the same extracts before and after treatment with hydro- 
gen peroxide show that original extracts of whole wheat contain two 
types of compounds which are measured as nicotinic acid. The two 
types of compounds differentiate themselves chemically in the fact that 
one is readily oxidized and loses its properties as a chromogen, while 
the second type is stable to the same oxidizing reagents and continues 
to be reactive in the oxidized extract. 

It. is of interest to note that this readily oxidized chromogen is 
shown to differ chemically from nicotinic acid by the difference in 
solubilities in ethyl acetate. This difference in solubility permits the 
separation of this chromogen from the chromogen produced by nico- 
tinic acid in the Kénig reaction in which p-aminoacetophenone is used 
as the aromatic amine. The fact that the same values were obtained 
on the original and oxidized extracts where ethyl acetate was used 
shows the efficiency of this solvent in the separation of nicotinic acid 
from this type of interference. 

The agreements and disagreements between the values by the 
microbiological and chemical methods on the materials we have dis- 
cussed are not uniform but depend on the type of material investigated. 
No doubt a large part of this is due to the variability in the treatment 
and methods used. The oxidation treatment with hydrogen peroxide 
is subject to variation in the removal of chromogens from the extracts 
as time and temperature are important factors in the oxidation. The 
microbiological and chemical methods are subject to wide variations 
in results. Results by the microbiological method have been shown 
by other investigators to vary considerably according to the method 
of preparing the extract. This fact was amply verified by the values 
reported by five different laboratories on the same collaborative yeast 
sample by the microbiological method in which values were obtained 
ranging from 130 to 393 wg per gram. We avoided this difficulty in 
the experiments reported in this paper by supplying the same extracts 
for microbiological analysis as we used for chemical analysis. 
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The agreement between the results by the microbiological and 
chemical methods, on the oxidized extract of whole wheat in acid 
solution, is not as significant to us as the disagreement in the results 
obtained with alkaline oxidation. It is evident that oxidation treat- 
ment in the acid solution was more complete than in the alkaline 
solution as shown by the chromogen content in the oxidized extracts. 
The fact that the alkaline treatment produced a stimulant which 
increased the microbiological values not due to a chromogen in the 
K6nig reaction, is of more significance. 

The chromogens removed from the wheat germ extracts by hydro- 
gen peroxide, which affected the aniline procedure in determination, 
did not affect the microbiological values. The fact that approximately 
the same values were obtained on the original and oxidized extracts 
of wheat germ substantiates our conclusion that nicotinic acid is not 
destroyed by oxidizing agents. The difference in values obtained for 
nicotinic acid by the chemical methods and the microbiological pro- 
cedure on this wheat germ extract is too great to be ascribed to experi- 
mental error and represents a fundamental difference in the methods. 
Repeated experiments were made by each of the methods and con- 
sistent values of the same order were obtained. The value of 35 ug 
per gram, which was obtained by the microbiological method, agrees 
very closely with the average of 34 ug per gram reported by Elvehjem 
and co-workers (1942) for wheat germ by this method. Our experi- 
ments naturally were not made on the same wheat germ they used. 
The 56 and 53 wg per gram obtained by us on the original and oxidized 
extracts agree very closely but at a higher range than the micro- 
biological values. The oxidized extract by the aniline method also 
was in this range. 

It is apparent that the chemical and microbiological methods do 
not specifically measure the same material in wheat germ extracts. 
The results by dog bioassay, as well as the chemical properties of 
nicotinic acid, support the higher values obtained by the chemical 
methods for wheat germ extracts. 

Teply, Strong, and Elvehjem (1942) report higher values for nico- 
tinic acid on whole wheat than on wheat germ. In our experiments 
this is not confirmed by either the chemical or microbiological method 
when the determinations are made on the oxidized extracts. The 
values they obtain for whole wheat, more than twofold greater than 
our values, would appear to be due in part to material not possessing 
the chemical properties of nicotinic acid. Our microbiological value 
for wheat germ, which agrees closely with their result by that method, 
is only 66% of the value we obtained by the chemical procedure for 
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the same wheat germ. The low values given by the microbiological 
methods for wheat germ are not explainable by the chemical properties 
of nicotinic acid, since this method accounts for only a portion of the 
non-oxidizable chromogen contained in the extract. It would appear, 
therefore, that the microbiological method is subject to inhibiting as 
well as accelerating interferences. 

The question of acid, alkali, and aqueous extractions and the pro- 
duction of hypothetical precursors of nicotinic acid which are then 
converted into nicotinic acid by the alkali or acid methods was encoun- 
tered in this work. Oxidation shows that the end product producing 
the interference is not a chromogen and does not possess this property 
of nicotinic acid. It would appear that material responsible for this 
growth stimulant in the microbiological method is not the same as the 
interfering chromogens encountered in the chemical methods. 

The separation of the nicotinic acid color complex with ethyl 
acetate as a supplement to the p-aminoacetophenone reaction is shown 
to be applicable and efficient as a method for the elimination of inter- 
fering chromogens characteristic of cereal products. The extraction 
readings of the nicotinic acid color complex in the ethyl acetate solvent 
are only approximately one-third the value of the same concentration 
when read in the aqueous phase. The only difference is that the 
amount of sample used is larger when ethyl acetate is employed than 
would be required if it were possible to make the readings on the 
aqueous phase. 

No satisfactory blank has been developed for the use of aniline 
in the determination of nicotinic acid in cereal products where inter- 
fering substances are encountered. In the determinations in which 
this amine was used, we employed blank values in which the amine was 
added to the sample. We find this blank eliminates color produced 
by compounds other than nicotinic acid which are known to be present. 
The color that is eliminated by this type of blank varies with the 
material used and is not produced by nicotinic acid as a result of the 
K6nig reaction. A comparison in values obtained for nicotinic acid 
when the aniline blank is used, as we employ it, with a reagent and 
material blank as employed by other investigators, is shown on a whole 
wheat extract. With aniline in the sample, we get a blank value of 
0.055 and an apparent nicotinic acid content of 56.7 ug per gram. 
This same solution gave 59.6 wg per gram when the reagent and mate- 
rial blank value were used. Aliquots of this extract were oxidized and 
similar analyses were made on the oxidized extracts. The blank value 
on the oxidized extract containing aniline had been reduced to 0.008, 
giving a nicotinic acid content of 25.1 wg per gram, a value in good 
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agreement with the results obtained by the other methods on this 
material. This same extract showed 12.7 ug per gram when the mate- 
rial and reagent blank value was employed, indicating that cyanogen 
bromide is not a part of the blank value. 

The production of chromogens and growth stimulants by alkaline 
hydrolysis in the estimation of nicotinic acid gives values that are com- 
patible neither with the chemical properties of nicotinic acid, nor with 
the results obtained by animal experimentation, nor with experience 
encountered when this material is used in the diets of pellagrins. 
Andrews, Boyd, and Gortner (1942) show values for nicotinic acid 
varying more than two-fold on whole wheat extracts where the only 
difference in treatment is the presence of 0.25% NaOH for five minutes 
at room temperature when using the microbiological method, but could 
get no increase when wheat germ was so treated. Wheat germ shows 
to a much better advantage as a part of the diet in the treatment of 
pellagra than whole wheat, yet these authors, as well as Teply, Strong, 
and Elvehjem (1942), get approximately twice the value for nicotinic 
acid in whole wheat as they do in wheat germ when tested by the 
microbiological method. Schaefer, McKibbin, and Elvehjem (1942) 
could get no growth response from 500 g of whole wheat, assaying 
5.5 mg per 100 g by the microbiological method, when fed to a dog, 
and were forced to add nicotinic acid before they could obtain growth. 
Their result shows that the amount of nicotinic acid contained in 
whole wheat is too small to be in the range of accurate dog bioassay. 
The supplemental value those authors obtained after administering 
nicotinic acid was undoubtedly due in part to the supplemental value 
of other vitamins in the whole wheat when fed in so large amounts as 
they used. This is true of bioassay values with other vitamins, where 
mixtures of yeast and wheat germ give higher values for thiamin and 
riboflavin than when bioassayed separately under similar conditions. 

The value of whole wheat as a source of nicotinic acid and whole 
wheat bread as a vital factor in the prevention of pellagra has been 
greatly overestimated. This overestimation has come about as a 
result of chromogens encountered in the chemical procedures and 
non-nicotinic acid growth stimulant measured in the microbiological 
method. 

The data fail to confirm the presence of any hypothetical precursor 
of nicotinic acid as proposed by the proponents of the microbiological 
and of some of the chemical methods in order to explain their high 
values for nicotinic acid in cereal products, but corroborate the low 
results obtained by Kodicek (1940) on dog bioassay, and the chemical 
values obtained by Thomas, Bina, and Brown (1942). 
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THE PREDICTION OF LOAF VOLUME OF HARD RED SPRING 
WHEAT FLOURS FROM SOME PROPERTIES OF 
MIXOGRAMS ! 


R. H. Harris, L. D. Sisppitt, and OrviILLE BANASIK 


North Dakota Agricultural Experiment Station, Fargo, North Dakota 


(Received for publication August 4, 1942) 


The estimation of dough properties from micro-recording-mixer 
curves has received marked attention in relation to the prediction of 
baking strength. Such curves made from hard red winter wheat flours 
have been discussed by Swanson and his associates. Swanson (1939, 
1941), Swanson and Andrews (1942), and Johnson, Swanson, and 
Bayfield (1942) have critically examined these curves and their 
properties in relation to varietai quality evaluation of Kansas wheats. 

Larmour, Working, and Ofelt (1939) showed that recording-dough- 
mixer curves differed in character at various protein levels and that 
curve height increased with protein content. Sandstedt and Ofelt 





1 Published with the approval of the Director of the Experiment Station. 
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(1940) studied the baking properties of flours diluted to a common 
protein content with wheat starch, and inferred therefrom that the 
mixing behavior of flours should likewise be compared at an uniform 
protein level. These workers (Ofelt and Sandstedt, 1941) later carried 
out an investigation employing a National micro recording mixer. 
Predetermined absorptions were used in mixing and the protein con- 
tent was reduced in decrements of 1.0%. The curves obtained were 
very similar to those yielded by flours with the same naturally occur- 
ring protein content and showed a like tendency to decrease in height 






FLOUR: WATER yl. 


| Ae pr 




























































auczc 7 
\ | \ \\ NPRAURaaue \\) 
HHT Et iia THT 
l j J ma : a 
HEEFEF EEE Hitt 
a | | | one 
| 
vee TU doer LA LL tbobohoreal 11 | 
a mM MERLERRRERRRRE 
vA v4 
/ 

















erpotenl | it LAA 








eet L 


\ \ \ \ 
2. EBA ES LEB 
VESTA THATCHER 
Fig. 1. Mixer curves from three hard red spring wheat flours made at the original flour protein content, 
at a constant flour protein level, and following 3 hours of fermentation. 


and flatten out with lower protein content. Mixing time was found to 
be a varietal rather than a flour-protein-content characteristic. 
Harris, Sibbitt, and Banasik (1942) published the results of a pre- 
liminary study made with the object of predicting the loaf volumes of 
North Dakota spring wheat flours from mixer-curve properties. The 
curves were obtained from flour doughs which had been previously 
mixed and fermented in the usual manner for 3 hours. The flours were 
diluted to an uniform protein content of 12.0% (13.5% moisture basis) 
with hard red spring wheat starch. Replicates of the doughs were 
baked on the same day the mixer tests were run. Following fermenta- 
tion one aliquot of the original dough was placed in the mixer bowl and 
a 5-minute mixing curve obtained, while the remaining portion was 
panned and baked. Figure 1 shows curves obtained from three wheat 
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flours at the original protein content, at an uniform protein level of 
12.0%, and after 3 hours of dough fermentation. Very significant 
changes in curve properties are evident in going from the flour-water 
curves at the original flour protein content through the curves made 
at an uniform protein level to the fermented dough results. The 
greatest change in the curve characteristics are shown in the mixings 
made with the fermented doughs. Reducing the protein content to 
a constant level lowered the height of the curves and decreased the 
band width. Fermentation, on the other hand, markedly increased 
band width and tended to obscure varietal differences. It was found 
that after 5 minutes of mixing, these fermented doughs broke down 
badly and showed no probability of further mixing yielding information 
in regard to wheat quality. 

It was felt that the records made with fermented doughs might 
more truly represent the physical changes taking place in the dough and 
be more indicative of loaf volume than curves obtained from flour- 
water doughs without fermentation. Thirteen hard red spring wheat 
flours were accordingly diluted with wheat starch to a constant protein 
level of 12.0% and mixed in the Hobart, equipped with special dough 
hooks, to a dough of normal consistency and treated as described. The 
malt-phosphate-bromate baking formula was used with 50 g of flour. 

The following curve properties appeared to be related to the loaf 
volume of the flours investigated: (1) the magnitude of dough develop- 
ment angle, (2) the magnitude of the angle of decline of the curve 
toward the vertical, (3) time to reach peak dough development, and (4) 
height of the curve from the base line. From these factors an equation 
was formulated for the prediction of loaf volume. 

The diagrams used in calculating a single-figure score for two flours 
of radically different baking strengths are shown in Figure 2. To con- 
struct the diagram a line AD is drawn through the center of the initial 
width of the band parallel to the horizontal axis. A line BD is then 
drawn tangent to the declining portion of the curve, cutting the base 
line AD at D. The center of the peak of the curve is next found by 
drawing the line BC through the midpoint of the distance representing 
the stability of the dough, or line of mixing tolerance. From point B, 
where BD and BC intersect, a line AB is drawn tangent to the rising 
portion of the curve, meeting the base line at A. 

The different measurements made were taken in millimeters. The 
magnitude of a (dough-development angle) can be expressed by the 
cosine AC/AB. As a@ decreases, the cosine increases. Similarly, the 
magnitude of 8 (or angle of decline of the curve) can be expressed as 
the sine CD/BD. The linear value AC is related to loaf volume, and, 
accordingly, the functions of the two angles must be multiplied by AC. 
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‘ig. 2. Diagrams used for computing calculated loaf volumes from mixer curves of fermented 
doughs made from flours of different baking strength. ABOVE: Actual loaf volume, 95 cc; calculated 
volume, 98. BeELow: Actual loaf volume, 150 cc; calculated volume, 148. 


Loaf volume = K(cos a X sin 8)AB X height _ 
x = K(AC/AB X CD/BD)AB X height 
= 4.24. 


The height of the curve measured from the base line is also included 
in the formula. Differences in the magnitude of the angles a and 8, 
as well as in the linear values, can be readily distinguished between the 
diagrams for the two flours. The constant K was evaluated from 
curves made with flours of known loaf volume and was found to have 
a value of 4.24 in the present instance. New constants would, no 
doubt, have to be determined in work with other types of wheat, as 
well as with wheat from other crop years. The computed single- 
figure score was found to be highly correlated with loaf volume, a 
coefficient of +.943 being obtained between the two variables. Similar 
relationships were also found in the case of studies made with starch- 
gluten blends at a constant protein level. In view of these results the 
following investigation was undertaken to obtain further information 
regarding the relationships between the curve properties and loaf 
volume at an uniform protein level. 
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Experimental 


Thirty hard red spring straight-grade flours experimentally milled 
from the 1941 North Dakota crop were used for this study. These 
wheats consisted of seven different varieties grown at four stations and 
an additional variety grown at one station only. One commercially 
milled spring wheat flour was also included. The wheat protein varied 
from 13.6% to 16.4% and the flour protein from 11.9% to 15.7%, 
while flour ash ranged from 0.34% to 0.52%. The loaf volumes of 
the undiluted flours ranged from 105 cc to 200 cc with an average 
volume of 155cc. To obviate the effects of protein content differences 
upon the mixogram characteristics and to confine the investigations to 
a study of quality variability, the flours were diluted with hard red 


TABLE I 
COMPARATIVE MIXOGRAM DATA FROM HARD RED SPRING WHEAT FLOUR 


DouGHsS FERMENTED FOR 3 HOURS WITH CALCULATED AND ACTUAL 
LoaF VOLUMES. FLOUR PROTEIN LEVEL 12.0% 


(Data arranged in order of increasing loaf volume) 








| | 
| | | Loaf volume 
| 








| | 
hab. Variety ( ovine 2 Length | Height | saieninanians 
— Actual 
| mm | mm ce 

47 Thatcher 0.74 | 0.91 | 3.2 8.1 98 | 95 
74 Rival 0.80 | 0.95 | 3.3 7.2 9 | 95 
48 Rival 0.69 | 0.89 | 3.3 | 8&7 108 105 
250 Rival 0.72 0.93 3.4 | 83 111 107 
57 Nordhougen 0.70 | 093 | 33 | 85 | 111 | 110 
93 NN 2829 0.84 0.94 | 3.8 7.6 115 110 
69 NN 2822 | 0.84 0.89 | 3.6 8.2 111 112 
70 NN 2829 | 0.75 0.94 | 3.3 8.1 106 112 
54 Vesta | 0.68 | 0.92 | 3.4 8.7 115 115 
256 Vesta 0.76 0.89 ae 8.3 116 115 
265 NN 2829 | 0.84 0.94 | 3.8 7.4 112 117 
81 Vesta | 0.76 0.91 | 3.8 8.3 122 120 
259 | Nordhougen | 0.74 0.90 3.9 8.7 130 124 
59 | Regent | 0.69 0.92 | 3.4 9.3 123 125 
264 NN 2822 | 0.84 0.94 | 3.7 8.1 120 126 
235 Thatcher | 0.94 0.92 | 46 | 7.4 133 135 
92 NN 2822 0.81 0.92 4.2 | 8.4 138 137 
240 Vesta 0.78 0.90 4.3 8.7 143 137 
61 Haynes 0.79 0.88 3.7 9.2 127 140 
249 Thatcher 0.86 0.95 4.3 7.9 140 140 
261 Regent 0.80 0.93 4.3 8.4 142 140 
280 Commercial flour 0.84 0.83 4.6 8.4 136 140 
247 NN 2829 0.91 0.94 5.0 7.4 147 142 
236 Rival 0.84 0.95 4.6 8.0 148 145 
246 NN 2822 0.94 0.95 4.7 7.6 144 146 
73 Thatcher 0.81 0.90 4.3 9.0 149 148 
84 Nordhougen 0.83 0.94 4.3 8.6 147 148 
244 Regent 0.78 0.89 5.6 8.5 141 150 
242 Nordhougen 0.81 0.93 4.2 8.3 138 158 
86 Regent 0.73 0.91 4.3 9.4 156 160 
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spring wheat starch to an uniform level of 12.0% (13.5% moisture 
basis). This starch was prepared by the method described by Harris 
and Sibbitt (1941) and contained 0.5% protein. 

The doughs were mixed in the Hobart as described, 50 g of flour 
being used with the malt-phosphate-bromate formula, and absorption 
as required for optimum consistency. The amount of water needed 
varied somewhat among the various samples despite the fact that they 
were on the same protein level. The doughs after mixing were divided 
into two equal portions by weight and fermented 3 hours with the 
customary punches. At panning time one dough was panned and 
baked, while the other was placed in the mixograph and a 5-minute 
mixogram obtained.? 

From the mixograms the various data were derived by the method 
described. These values are shown in Table I. Although the flours 
contained the same quantity of protein, large variations in loaf volume 
were obtained. One sample of Thatcher produced the smallest loaf 
with three Rival samples next. This variety has shown much promise 
in baking quality, but was rather disappointing in baking performance 
in 1941. Regent, a Canadian wheat, and Nordhougen gave very satis- 
factory results by this method of baking. Differences are evident 
among all the data shown in the table, although little consistent change 
in the values with increase in actual loaf volume is to be noted, except 
for the length of AC and the calculated loaf volume. The correlation 
coefficients between these values and the loaf volume are presented in 
Table IT. 

It will be noted that the agreement between the computed and 
actual loaf volumes is very good indeed, with a correlation coefficient of 
+.951 between the two sets of values. The corresponding means and 
standard deviations were 127.4, 128.5, 16.5, and 17.9 cc, respectively. 
It is quite evident that loaf volume may be predicted from the calcu- 
lated values with an accuracy entirely satisfactory for practical pur- 
poses, the prediction equation being loaf volume = 1.0 X calculated 
value — 3.3. One factor, the length of the line AC, which enters into 
the calculation of the single-figure value, is likewise rather highly cor- 
related with loaf volume. This coefficient is, however, significantly 
lower than the relationship between single figure score and loaf volume 
and has a correspondingly greater error of estimate. This error for 
the former method of prediction by the single figure score is 5.6, whereas 
by using the line AC it is 10.7. The other variables do not show a suf- 





2 Mixograph and mixogram refer respectively to the National recording-micro-mixer and the curve 
roduced thereby. This nomenclature was suggested by Dr. E. G. Bayfield and wili be used in the 
ollowing discussion. 
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ficiently high relationship to serve as factors for predicting loaf volume, 
although they are significantly correlated with it. 

Scatter diagrams, with regression of loaf volume on the values ob- 
tained from the mixogram data, are shown as Figures 3 and 4. Figure 
3 presents the relationship between calculated and actual loaf volume, 
while Figure 4 shows the relationship between the length of line AC 


TABLE II 


CORRELATION COEFFICIENTS CALCULATED FROM THE MIXOGRAM AND BAKING DATA 
(Significant coefficients in bold type) 








Variables correlated 











x y ry 
Loaf volume calc., 3 hrs Loaf volume actual, 3 hrs, cc +.951 
Length AC, 3 hrs, mm Loaf volume actual, 3 hrs, cc + .803 
Cosine angle a, 3 hrs Loaf volume actual, 3 hrs, cc +.413 
Sine angle 8, 3 hrs Loaf volume actual, 3 hrs, cc — .060 
Height, 3 hrs, mm Loaf volume actual, 3 hrs, cc + .280 
Loaf volume calc., 2 hrs Loaf volume actual, 2 hrs, cc + .340 
Cosine angle a, 2 hrs Loaf volume actual, 2 hrs, cc —.155 
Sine angle 6, 2 hrs Loaf volume actual, 2 hrs, cc — .644 
Length AC, 2 hrs, mm Loaf volume actual, 2 hrs, cc + .304 
Height, 2 hrs, mm Loaf volume actual, 2 hrs, cc + .350 
Loaf volume calc., 3 hrs Loaf volume actual, 2 hrs, cc + .483 
Length AC, 3 hrs, mm Loaf volume actual, 2 hrs, cc + .264 
Length AC, 3 hrs, mm Length AC, 2 hrs, mm +.185 
Loaf volume actual, 3 hrs, cc Loaf volume actual, 2 hrs, cc + .448 
Loaf volume calc., flour-water doughs Loaf volume actual, 2 hrs, cc + .047 
Loaf volume calc., flour-water doughs Loaf volume actual, 3 hrs, cc + .246 





1 Value of rzy at 5% point = 0.362. 


in millimeters and actual loaf volume. The higher degree of interde- 
pendence between the variables in Figure 3 is clearly evident, with 
correspondingly greater accuracy in the prediction of loaf volume. 

In view of the satisfactory results yielded by the 3 hour fermenta- 
tion procedure, it was thought advisable to determine the effect of 
shortening the fermentation period of the doughs previous to remixing 
in the mixograph. If satisfactory results could be obtained in a shorter 
time, the value of the method would be materially increased. Periods 
of 2, 1, and 0 hours were accordingly used on this series of flours, the 
same baking formula being employed throughout. In addition, one 
complete run was made with a flour-water dough as customarily em- 
ployed for mixograms. Measurements as before were taken from each 
set of curves thus obtained. 

The individual results from these shorter and no fermentation times 
are not shown, but the correlation coefficients obtained for the 2 hour 
period are presented in Table II. Correlations between calculated and 
actual loaf volumes for the flour-water doughs are also given. The 
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Scatter diagram of calculated and actual loaf volumes (cc), showing prediction line. 
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Scatter diagram of length of AC and actual loaf volume (cc) 
with prediction line for loaf volume from AC. 
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only variable in this group which appeared to be correlated to any 
appreciable degree with loaf volume was the sine of the angle 8 in the 
two-hour series. This is a negative relationship, but is not high enough 
to be of any practical importance for the purpose of predicting loaf 
volume. No significant relationships between mixogram properties or 
calculated score and actual loaf volume were secured from the 1- and 
0-hour fermentations. Apparently the 3 hours of fermentation had an 
effect upon the mixograms which brought out the relationships among 
the various factors required for computing a satisfactory single-value 
score. Mean loaf volumes were higher in the 2-hour fermentation 
studies, being 154 cc for the calculated values and 158 cc for the actual 
bakings. The length of AC was also greater, averaging 4.6 as com- 
pared with 4.0 in the 3-hour doughs. Standard deviations for.loaf 
volume were 14.3 and 14.9, respectively. 

Table III presents the relationships found in mixogram data ob- 
tained from flours with protein contents not adjusted to a common level 


TABLE III 
CORRELATION COEFFICIENTS OBTAINED BETWEEN THE DIFFERENT 
VARIABLES, AT ORIGINAL FLOUR PROTEIN CONTENTS 
(Significant coefficients in bold type) 








Variables correlated 








x y Tey! 
Length AC, mm Loaf volume actual, cc — .446 
Height, mm Loaf volume actual, cc +.324 
Calculated loaf volume Loaf volume actual, cc — 345 
Flour protein, % Loaf volume actual, cc +.815 
Length AC, mm Flour protein, % — .334 
Height, mm Flour protein, % + .360 
Sine angle 8 Flour protein, % —.140 
Cosine angle a Flour protein, % — .289 





1 Value of rzy at 5% point = 0.362. 


by dilution with starch. Curve properties were correlated with loaf- 
volume and flour-protein content. Flour protein content was rather 
closely related to loaf volume, while A-C had a smaller but still signifi- 
cant correlation with the latter variable. The coefficient between 
curve height and flour protein barely significant, while the other curve 
characteristics were not. 

Table IV shows the comparative effects of the different treatments 
upon mixogram properties. In the flour-water mixes the higher pro- 
tein content affected only height of the curve, while the other values 
shown remained practically unchanged. The effect of adding the bak- 
ing ingredients was to lengthen AC and increase the calculated score. 
Fermentation decreased AC, and possibly the height; no consistent 
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TABLE IV 


AVERAGE VALUES OF VARIOUS MIXOGRAM PROPERTIES OBTAINED FROM THE 
DIFFERENT SERIES OF DOUGHS 


























Flour-water doughs Malt-phosphate-bromate-formula doughs 
Fermentation = 
(in hours) 
0! 0 0 1 2 | 3 
Length AC, mm 4.2 4.7 7.7 3.0 46 | 4.0 
Height of curve, mm 9.3 8.2 9.1 9.1 8.5 8.3 
Cosine a 0.79 0.77 0.82 0.67 0.84 | 0.79 
Sine B 0.91 0.91 0.89 0.92 0.91 | 0.92 
Calc. loaf volume | 151 146 | 260 107 154 | $27 
| | 











1 Measurements made at original flour protein content; all others at 12.0% protein level (13.5% 
moisture basis). 


changes in the other values were found. As AC appeared to be the 
most important in relation to loaf volume of any of the mixogram values 
studied, in addition to being more sensitive to dough-treatment changes, 
it was decided to examine the effect of wheat variety upon this variable. 
Table V presents the results obtained. 

The long dough development period of Vesta, as registered by the 
length AC, is clearly evident, especially with the baking formula and 
no fermentation. Rival is next, with No. 2822 having the shortest 


TABLE V 


COMPARATIVE LENGTHS OF AC OBTAINED FROM THE DIFFERENT 
WHEAT VARIETIES STUDIED 
































Flour-water Malt-phosphate-bromate 
doughs formula doughs 
Fermentation (in hours) PDs Average 

0! 0 0 1 2 | 3 

mm mm mm mm mm mm mm 
NN 2822 3.5 3.1 4.9 2.6 4.4 | 4.0 | 3.8 
Nordhougen 4.1 4.6 6.3 te Soe oe = 
NN 2829 4.1 3.5 6.8 2.1 4.7 | 40 | 4.2 
Regent 3.7 4.5 6.6 ye 44 | 4.4 4.4 
Vesta 5.5 7.3 12.3 4.8 46 | 3.8 6.4 
Thatcher 4.3 4.7 6.9 3.6 4g | 4.1 4.7 
Rival 4.4 5.1 9.3 2.9 | 4.8 | 3.6 5.0 








1 Measurements made at original flour protein content; all others at 12% protein level (13.5% 
moisture basis). 


period. It seems to the authors that this particular flour property 
should be measured by the use of a baking formula rather than a flour- 
water dough, inasmuch as this treatment corresponds to the way in 
which the flour will actually be used. There was some evidence of an 
effect of location of growth upon AC. 

Comparative mixograms obtained by progressively reducing fer- 
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mentation time from 3 to 0 hours are shown in Figure 5 for seven hard 
red spring wheat varieties. Curves made from flour-water doughs 
are also included. Mixograms made from doughs containing the bak- 
ing ingredients were more informative than flour-water dough curves. 
Band width was definitely increased by these ingredients and varietal 
characteristics were brought out more clearly. It would therefore seem 
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Fig. 5. Mixograms of 7 flours milled from different wheat varieties made from flour-water doughs and 
from yeasted doughs fermented for various lengths of time. 


preferable to use the malt-phosphate-bromate or some other compa- 
rable formula rather than distilled water alone in making mixograms. 
Dough fermentation, as previously pointed out, decreased dough de- 
velopment time and tended to obscure varietal differences. Sample 
2822, which has a short mixing time, was least affected by fermentation. 
The long dough-development time required by Vesta and Rival is 
clearly evident, especially with the nonfermented malt-phosphate- 
bromate doughs. The comparatively short development time of sam- 
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ple No. 2822 is also apparent. Characteristic changes induced by the 
lengthening of fermentation period may be discerned. 

The weakest point of the method described for calculating loaf 
volumes from the mixogram data lies in determining the midpoint of 
certain of the lines involved. For instance, it is sometimes difficult to 
determine the exact center of the rising curve at the point of initial 
width. Another debatable point is the precise length of the line repre- 
senting dough stability. 

The data presented in this paper, while showing the utility of mixo- 
gram properties in predicting flour loaf volume under a specified baking 
formula at a stated protein level, should not be interpreted as leading 
to the conclusion that the baking test may be largely superseded by 
these curves made from fermented doughs. The present work, how- 
ever, does suggest, in the authors’ opinion, the replacement of a 
portion of the actual bakings with hard red spring wheat varieties by 
mixograms, with consequently less time and labor involved in the 
measurement of baking strength. Further investigations are in prog- 
ress regarding the effect of different baking formulas upon mixogram 
properties. 

Summary and Conclusions 


Data computed from certain properties of mixograms made from 30 
samples of eight varieties of hard red spring wheats were correlated 
with the loaf volumes obtained following 2- and 3-hour fermentations. 
Similar data yielded by flour-water doughs were also examined. The 
curve properties considered were as follows: 


1. Cosine of the angle of dough development, or angle which the ascending por- 
tion of the curve makes with the horizontal. 

2. Sine of the angle of decline of the curve, or angle which the descending portion 
of the curve makes with the vertical drawn through the curve peak. 

3. Length in millimeters of the horizontal line between the point where it is cut 
by the tangent to the ascending curve and the vertical line dropped from the mid- 
point of the distance representing dough stability. 

4. Height in millimeters of the peak of the curve from the base line. 

These factors were combined in an equation to yield a value indi- 
cative of the loaf volume of the flour under examination. 

A very high relationship was found between the calculated and 
actual loaf volume when the mixograms were made from doughs con- 
taining the usual baking formula and mixed and fermented 3 hours in 
the same manner as for baking bread. This correlation was large 
enough to render possible the prediction of actual loaf volume by the 
equation. The length of line between the tangent to the rising curve 
and the vertical through the midpoint of dough stability was related 
to a lesser degree with loaf volume. The other curve properties con- 
sidered had little or no relationship to loaf volume. 
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When the doughs were fermented for shorter periods than 3 hours, 
the relationship between actual and calculated loaf volume disap- 
peared. The values calculated from curves made from doughs follow- 
ing 2, 1, and 0 hours of fermentation were found to have no significant 
correlation with the actual loaf volumes of the flours obtained from 
either 3 or 2 hours of fermentation. 

Mixograms made from doughs containing the malt-phosphate- 
bromate-formula ingredients showed wheat varietal differences more 
distinctly and were easier to interpret in terms of curve properties 
studied. Band width was increased. 

Fermentation consistently decreased time of dough development, 
and varietal differences were shown in dough-development time. 
Curves made from doughs with the malt-phosphate-bromate baking 
formula at 3 and 0 hours of fermentation appeared to be the most useful 
in determining varietal differences in mixing time and baking strength. 
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As a rule freshly harvested wheat does not germinate well, nor does 
flour made therefrom bake well. A period of storage is necessary to 
bring either of these functions to the optimum level. Previously 
reported experiments (Balls and Hale, 1940) have shown that flour 
from wheat harvested while somewhat immature underwent an almost 
immediate improvement in baking quality, and likewise an increase in 
germination capacity of the grain, when exposed to air containing 
traces of ethylene. On the other hand, the flour from immature wheat 
(before treatment with ethylene) was not improved by subsequent 
exposure to gas, although eventually it improved, like other fresh flour, 
on lengthy storage. Thus it seems that the improvement in the baking 
quality of the flour is brought about by the effect of the ethylene on the 
whole grain. It is accompanied, as shown below, by a temporary 
rise in carbon dioxide output (frequently referred to as “‘respiration’’). 
Furthermore the effect is not particularly pronounced on grain already 
aged in storage. 

It appears that the effect of ethylene on grain is similar to that 
observed by Denny (1924) on lemons, by Chace and Church (1927) 
and Chace and Sorber (1928) on many other fruits, and by Chace and 
Sorber (1936) on walnuts. The chemistry of these effects is not yet 
known; in practice they amount to an acceleration of what is generally 
meant by “ripening.” 

On the theory that ripe grain may keep better than unripe grain 
of like moisture content, the possibility is indicated that the treatment 
of wheat with ethylene might materially increase its keeping qualities 
in storage. Experiments on the storage of grain are, however, ad- 
mittedly of little value unless the quantity of grain handled is sufficient 
to simulate conditions obtaining in practice. Such conditions cannot 
at present be obtained with certainty in experiments of laboratory 
scale. It was accordingly arranged through the cooperation of the 
Office of Experiment Stations and the Kansas Agricultural Experi- 
ment Station to make a relatively large scale experiment with wheat at 
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Manhattan, Kansas. The handling, milling, and testing of the grain, 
as well as the baking tests, were under the direction of E. G. Bayfield, 
and with the use of the facilities of the Kansas Agricultural Experiment 
Station. The results of these experiments on grain of relatively high 
moisture are reported in this paper. 

It was found that when moist wheat (17.2% HO) was exposed to 
ethylene, its keeping quality was decidedly bettered as compared with 
similar but untreated wheat. 


Experiments on High-Moisture Wheat 


About 700 bu. of Tenmarg wheat with an average moisture content 
of 17.2% was harvested by a combine in the vicinity of Manhattan. 
The harvest (considering prevalent weather conditions) was about 6 
days before the grain would ordinarily have been considered dry enough 
for combining. The wheat was brought at once to the Kansas State 
College mill and alternate loads were put into each of two bins. Wheat 
from each bin was then blended in filling the bins used for storage dur- 
ing the test. Two cylindrical metal bins were used approximately 6 
feet in diameter and 14 feet in height. Three resistance-type thermom- 
eters were centrally installed in each bin, and so located that vertically 
they were equidistant from each other and from the top and bottom of 
the space occupied by the grain. 

The wheat in one of the test bins received no immediate treatment. 
The wheat in the other bin was treated with ethylene. The gas was 
admitted to this bin as the grain was being filled in. The time re- 
quired to put in the grain was 90 minutes, and ethylene was injected 
at the rate of one liter in 30 minutes making a total of 3 liters in a total 
space of approximately 11,000 liters, partly filled with wheat. The 
gas was admitted a foot or two above the level of wheat existing at the 
moment; and was thus rapidly mixed with the column of air in the bin 
through which the grain was falling. 

During storage, temperature readings were made at regular inter- 
vals on the three pyrometers, respectively described hereafter as 
representing the temperature of the top, middle, and bottom of the 
bins. Both samples of wheat, but particularly the untreated sample, 
had to be cooled occasionally by moving over a separator. Samples 
for milling and baking tests were removed periodically. 

Figure 1 shows the temperature in the bins. From these data, 
it may be seen that the untreated wheat began to heat in about three 
days, and continued to do so in spite of repeated passages over a 
separator. Long before the observations were discontinued this 
wheat had become bin-burnt and very musty, so that it was useless 
for milling into flour. Experiments showed that as little as 15%, 
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of thermometers in the bins. 
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The wheat in untreated bin was turned twice during first 400 hours. 


The wheat was passed twice over the separator during the first turning. 
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The temperatures shown are 


the mean of the three simultaneous readings of the three thermometers located respectively in the top, 


middle, and bottom ofjthe wheat. 
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blended in normal wheat when milled, imparted a musty taste to the 
flour and bread baked therefrom. 

The treated wheat remained relatively quiescent for 9 days. It 
was moved, however, at the same time as the control grain on the 
ninth day. Subsequent observations showed that the treated wheat 
heated more slowly and required less moving to keep the temperature 
within safe bounds. Nevertheless, it could not have been stored safely 
without any moving at all. This was to be expected, because of the 
very high moisture content. The object of the experiment was 
achieved, however, in comparing the behavior of the two bins. It is 
apparent that the ethylene effect, while not enough to save such very 
moist wheat from damage over many months, did produce a marked 
decrease in the heating of the grain. 

Germination and baking tests seem to bear out these conclusions. 
Germination tests (Table I) showed that 28% of the untreated wheat 


TABLE I 


EFFECT OF ETHYLENE ON GERMINATION OF WHEAT 
(High-moisture wheat) 





























Bin No. 6 (untreated) Bin No. 7 (treated) 
Date sampled | No. days after Germina- Date sampled | No. days after Germina- 

1941 filling bin tion ! 1941 filling bin tion ! 

| % % 

6-23 | 2 64 6-23 2 78 
6-24 3 86 6-24 3 86 
6-25 4 96 6-25 4 60 
6-26 5 82 6-26 5 84 
7-1 | 10 =| 44 7-1 10 74 
7-9 | hi 7-9 18 80 
9- 3 74 0 9- 3 74 0 
10— 2 103 0 10- 2 103 0 





1 Germination tests made on November 28, 1941. 


germinated after 18 days, while 80% of the treated wheat was still 
alive. In 74 days the grain in both bins was completely nonviable. 
In making these tests, samples of the grain were taken from the bins 
on the dates specified, exposed to fresh air, and kept thereafter in 
small containers at 32°F until tested. 

One effect of the ethylene treatment in the wheat was an immediate 
increase in the CO, output of the grain (Table II). When considered 
in connection with the temperature chart, it does not seem likely that 
this increase could have been due to the development of microérgan- 
isms, but rather to a stimulation of metabolism in the seed. It is 
interesting to note that the excess carbon dioxide produced by the 
treated wheat would amount in the first five days to roughly 200 liters 
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more than that produced by the untreated grain. This is insignificant 
compared with the total of about 1250 liters produced by the treated 
wheat. If the air space is taken as a third of the volume of the grain, 
the maximum possible concentration of carbon dioxide would be about 
34% in the case of the treated and 28% in that of the untreated 


TABLE II 


EFFECT OF ETHYLENE ON THE RESPIRATION RATE OF FRESHLY HARVESTED 
TENMARQ WHEAT 











Interval after Evolution of CO2 
beginning of at room temperature ! 
storage Wheat untreated Wheat treated 
hours mg/100 g of wheat/24 hrs 
45 — 62.5 4.1 4.9 
62.5- 87.5 3.1 5.2 
87.5-111.5 2.9 4.3 





1 Determined on 1500-g samples by means of the apparatus of Truog (1915). 


wheat. The leakage of gas from such bins is very considerable, but 
yet not immediate. It is obvious that in the case of leakage amount- 
ing to three fourths or more of the total CO», the concentration in the 
treated bin would still be significantly greater than that in the untreated. 
As a result of the ethylene treatment, the grain may therefore have 
been stored in an atmosphere containing a significantly higher concen- 
tration of carbon dioxide and for this reason it may have suffered a 
decrease in metabolic activity. This hypothesis will be investigated 
when opportunity permits. 


Milling and Baking Results 


Table III gives grain temperatures for various sampling dates 
together with analytical data for wheat and flour. The samples 
were normally milled on the day of sampling, the sample milled being 
taken from a 3 to 4 bushel lot drawn from the bin at each sampling. 
Only a few bushels remained in each bin at the time of the last two 
sampling dates, so that the bin residues were dried out somewhat. 
The high moisture content of the grain during the earlier phases of the 
experiment meant that no tempering of the grain was possible. This 
made milling difficult. During the latter part of the experiment, after 
the grain was damaged by more or less heating, milling was also diffi- 
cult because maintaining normal flour ash levels and yields is practically 
impossible with such damaged grain. 

Examination of the flour protein data shows that the wheat in the 
two bins was relatively uniform. In view of this, correlations of the 
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TABLE III 


STORAGE AND ANALYTICAL DATA FOR TREATED AND UNTREATED SAMPLES 










































































Grain temp. °F Flour 
No Date Test Wheat 
. sampled weight moist. 

Top | Middle | Bottom Yield Protein! | Ash! 

lb % % % 
| BR SESE % | % 
UNTREATED—BIN 6 
993 6/23/41 97 95 95 57.5 17.1 67.5 11.5 0.56 
995 6/24/41 99 97 96 57.0 17.0 68.2 11.5 52 
997 6/25/41 | 100 98 97 — 17.3 71.2 11.7 54 
999 6/26/41 | 102 99 98 56.7 17.0 70.6 11.7 50 
1005 7/ 1/41} 122 114 102 53.8 17.6 69.0 11.4 58 
1007 7/ 9/41 95 99 101 —_— 17.0 68.2 11.4 54 
1011 7/15/41} 107 105 101 — 16.1 67.8 10.8 58 
1015 7/22/41 | 103 108 104 — 16.5 69.6 11.5 .62 
1019 8/ 5/41} 120 118 110 53. 16.5 68.5 11.4 .63 
1023 8/19/41 | 110 105 103 — 15.9 68.5 11.3 .66 
1027 9/ 3/41} 101 103 102 54.9 14.6 72.0 11.4 .69 
1030 | 10/ 2/41; — — — | 53.7 15.0 70.0 11.6 .67 
1955 | 11/ 7/41} 100 100 89 — 14.9 68.3 11.4 .63 
1961 | 12/15/41 discontinued 53.7 14.8 68.9 11.4 61 
1965 1/19/42 56.5 | 13.9 68.2 11.8 71 
2051 3/ 3/42 56.8 | 12.5 68.5 11.7 .68 
ETHYLENE TREATED—BIN 7 

994 6/23/41 99 99 101 | 56.5 17.2 68.6 [2.5 57 
996 6/24/41 99 100 101 56.7 17.4 69.6 11.5 .50 
998 6/25/41 99 100 101 —_— 17.0 69.8 11.4 53 
1000 6/26/41 99 100 101 57.6 — 71.0 11.1 an 
1004 7/ 1/41 98 106 101 56.5 16.3 69.6 11.1 .54 
1006 7/ 9/41 86 90 92 — 15.1 68.8 11.2 ae 
1010 7/15/41 86 88 89 — 15.3 67.8 11.2 2 
1014 7/22/41 87 94 96 — 15.5 71.2 11.4 59 
1018 8/ 5/41} 105 103 | 102 56.2 15.7 69.7 11.3 56 
1022 8/19/41 | 107 105 | 101 58.3 15.0 69.5 11.3 59 
1026 9/ 3/41 99 103 | 102 57.1 15.4 69.4 44.2 58 
1031 | 10/ 2/41) — — | — 57.5 14.7 66.3 11.0 58 
1956 | 11/17/41; — 95 | 92 — 13.7 69.0 11.1 58 
1960 | 12/15/41 discontinued 57.5 13.6 68.8 11.1 ae 
1964 1/19/42 58.5 14.1 67.7 11.4 .60 
2052 3/ 3/42 57.8 10.8 68.7 11.4 56 


























1 Moisture basis 15%. 


treatments, respectively, with test weight, moisture content, and num- 
ber of times the wheat was turned are interesting. It is evident that 
the ethylene not only aided in reducing the grain temperatures but also 
produced a beneficial effect upon test weight and grain moisture content. 

Table IV gives the baking data for the samples. Data for the 
baking formulas are given, the formulas being as follows: 
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Ingredient Basic + 1 mg KBrOs Rich +3 mg KBrOs 
Flour 100.0 100.0 
Salt 1.0 1.5 
Sugar 5.0 6.0 
Yeast 3.0 2.0 
Malt 0.0 0.25 (120°L) 
Shortening 0.0 3.0 
Dry Milk solids 0.0 4.0 
Potassium bromate 0.001 0.003 
Water (distilled) as required as required 


In baking, standard A. A. C. C. fermentation times and temperatures 
were used; also National sheeting rolls for punching, and a Thompson 
laboratory molder for molding the loaves. Tall-form, approved pans 
were used. Loaves were measured for volume immediately from the 
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Fig. 3. Dough mixer curves (mixograms)' with flour from treated and from control (untreated) wheat . 
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TABLE IV 
BAKING DATA FOR TREATED AND UNTREATED SAMPLES 
Basic + 1 mg KBrOs; Rich + 3 mg KBrO; 
7 Ab Mixi 
No. | "tion? | ‘timey |) | or 
volume Grain Crumb volume Grain Crumb 
min cc | cc 
UNTREATED—BIN 6 

993 64 23 658 73 - 848 95-0 95cg 
995 64 22 645 73 — 843 95-0 95cg 
997 64 2? 553 73 — 855 98-0 98cy 
999 64 23 618 78 — 850 98-c 95cy 
1005 64 23 610 68 — 735 95-o 95cy 
1007 64 4 687 65-0 65gy 750 93-0 95cg 
1011 65 9 633 55-0 55gy 735 90-c 90gy 
1015 64 10 680 60-0 70gy 735 80-c 100cy 
1019 64 19 618 55-o 53gy 728 80-c 80g 
1023 64 20 550 45-0 50gy 655 75-0 75gy 
1027 65 30 515 45-0 65gy 650 60-0 60g 
1030 62 22 400 40-0 40g 513 50-o 50g 
1955 64 50 358 40-0 40g 465 40-0 40g 
1961 64 503 325 20-0 20gy 460 40-0 30gy 
1965 64 503 370 30-0 30g 440 40-0 40g 
2051 64 503 330 30-0 35g 475 40-o 40g 

ETHYLENE TREATED—BIN 7 
— | = 

994 | 64 | 23 673 78 ;— 830 98-c 98cy 
996 | 64 | 23 653 -— | 875 98-c 95cg 
998 | 64 | 2? 663 75 — 853 98-c 95cg 
1000 64 | 22 615 83 — 810 98-c 95cy 
1004 | 64 23 590 83 — 810 95-0 98cy 
1006 | 64 23 700 70-0 70gy | 735 93-0 95cg 
1010 65 5 700 70-0 70gy 730 90-c 90gy 
1014 64 5 658 60-0 70gy 815 85-c 85gy 
1018 64 4} 680 65-0 65gy 765 90-c 95cy 
1022 63 5 638 63-0 60gy 775 90-c 88cy 
1026 64 | 64 710 60-0 60gy 795 85-o 85cy 
1031 60 64 675 55-o 55g 703 70-0 75g 
1956 64 11 —_ —_ _ 675 75-0 70gy 
1960 64 8 625 70-0 65gy 778 78-c 80c 
1964 | 62 73 608 60-c 55g 740 75-c 70cg 
2052 | 64 | 9 565 50-0 50g 675 70-0 70cy 








1 Moisture basis 15%. Rich formula required 2% more than indicated. 
2 As determined by recording dough mixer (mixograph). 
3 Actually only mixed 44 minutes in baking. 


oven and scored for internal characteristics the following day. Mixing 
times were determined from the recording dough mixer curves, a 
part of the series being illustrated in Fig. 3. 

It is evident that the ethylene-treated samples, with either baking 
formula, produced better bread than those receiving no treatment. 
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Experiments with normal-moisture wheat to be reported in a later 
communication show that treatment with ethylene also benefits the 
baking qualities of flour milled therefrom. As the samples. aged the 
baking values decreased, although the decrease was much less evident 
after treatment with ethylene. The recording dough mixer curves 
(Fig. 3) show clearly the effect of damage due to storing the grain with 
abnormally high moisture contents. Figure 4 shows baking results of 
the treated and untreated wheat. All of these samples were baked 
in May, 1942, on the same day in order to obtain a photographic 
comparison. The date for the withdrawal of the samples is indicated 
in the figure. 
Summary 


Two bins each of approximately 325 bushels capacity were filled 
with relatively uniform high moisture wheat. During filling, one bin 
was treated with ethylene gas mixed in the proportion of approximately 
10,000 parts of air to one of ethylene. 

Application of ethylene to the freshly harvested high moisture 
wheat increased the rate of carbon dioxide evolution therefrom. 

The treated wheat did not heat as rapidly nor as much as the 
untreated. 

Grade of the grain, percentage germination, and baking per- 
formance of the treated samples were superior to the untreated during 
several months of storage. 

The experiment indicates that ethylene gas does not prevent spoil- 
age of wheat stored with a high moisture content, but that heating of 
such wheat may be materially retarded. 
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THE ACTION OF GLUTATHIONE AND WHEAT GERM ON 
DOUGH IN RELATION TO PROTEOLYTIC 
ENZYMES IN WHEAT FLOUR 


E. ELIoN 


Baltimore, Maryland 


(Read at the Annual Meeting, May 1942) 


Several years ago J¢érgensen, and at about the same time Balls and 
Hale, independently, suggested a proteolytic enzyme theory as an 
explanation of the improving action of oxidizing agents on dough. 

Jérgensen has presented extensive experimental evidence in favor 
of this theory, which has since been supported by many other investi- 
gators. The present writer (1941) pointed out that when a theory 
has so much experimental support and approval as has been the case 
here, it seems justifiable to discard it only after it is definitely estab- 
lished that the experiments on which the theory is founded have been 
incorrect, or if other serious objections against it can be maintained. 
I further stated that new investigations with new techniques, such as 
those by Baker, Parker, and Mize (1942), may reveal new effects of 
oxidizing agents on dough constituents other than the proteolytic 
enzymes, that therefore the action of oxidizing agents on dough may 
be more complicated than was thought originally, but that such addi- 
tional observations or other theories, however interesting, do not deny 
the now well established inhibitory action of oxidizing agents on 
proteolytic enzymes in flour, nor do they invalidate the J¢rgensen 
theory. 

Some objections against J¢@rgensen’s theory have been raised 
(Geddes, 1941), based mainly on the behavior of glutathione and 
wheat germ in dough, which was interpreted as contrary to the 
proteolytic-enzyme theory and considered by some as of sufficient 
importance to eliminate it altogether. The present paper, however, 
reports some new evidence, which shows that the behavior of gluta- 
thione and wheat germ in dough is in perfect accord with J¢érgensen’s 
theory. 

It is realized that no conclusive and final proof of the correctness 
of Jgrgensen’s theory or of any other theory on the effect of oxidizing 
agents in dough is available at present, and therefore one has to 
evaluate such a theory on the basis of accumulated experimental 
evidence, which thus far seems to be decidedly in favor of Jgrgensen’s 
theory. This does not exclude the possibility of actions of oxidizing 
agents on dough constituents other than proteolytic enzymes and it 
is hoped that the present paper may stimulate more work on this 
interesting problem. 
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Support of, and Objections to, Jg¢rgensen’s Theory 


The very extensive experimental support of his theory by J¢grgensen 
(1935, 1935a, 1935b, 1936, 1938, 1938a, 1939, 1939a) and the correct- 
ness of his experiments have never been questioned. Although no 
attempt will be made here to give a complete list of publications in 
support of J¢érgensen’s theory or confirming his experiments, the 
following references may be cited: Balls and Hale (1935, 1936, 1936a, 
1938), Sullivan, Howe, and Schmalz (1936), Flohil (1936), L. Elion 
(1937), Miiller (1937), Melville and Shattock (1938), E. Elion (1939), 
Hale (1939), Munz and Brabender (1940), Hullett and Stern (1941), 
E. Elion (1941), Davidson and LeClerc (1942). Furthermore E. Elion 
(1941) showed that Hildebrand and Burkert (1941) and Shen and 
Geddes (1941) also obtained results which support some of the experi- 
mental evidence put forward by J¢rgensen. 

Flohil (private communication) has pointed to the fact that all 
baking improving agents of the type in question, chemical as well as 
physical, depress proteolytic action, and that anything that does not 
depress proteolytic action is not a flour improver in the ordinarily 
accepted sense of the term, and he stated that these facts cannot very 
well be coincidental, although at the time this statement was made, 
the behavior of wheat germ and glutathione in dough still required an 
explanation. 

The main objections against J¢rgensen’s theory can be briefly 
summarized as follows: (1) In short patent flours made from sound 
wheat there is such an extremely small amount of demonstrable 
proteolytic enzyme that it is very difficult to believe that the very 
profound effects obtained are associated with this minute quantity 
of enzyme (Baker, 1941). (2) Wheat germ and glutathione have an 
immediate softening effect upon dough which progressively decreases 
with an extension of the fermentation time, whereas papain has, as 
well as an immediate action, a very marked delayed softening effect. 
If the harmful effect of glutathione should be ascribed to activation 
of flour proteinases, the softening effect due to glutathione should 
progressively increase instead of decrease with an extension of the 
fermentation time (Geddes, 1941; Ford and Maiden, 1938). (3) Car- 
bonnelle (1938), whose experiments strongly support J¢@rgensen’s 
theory, nevertheless asks whether the action of glutathione is not too 
rapid to be attributed to enzyme activation. Sullivan, Howe, Schmalz, 
and Astleford (1940) state also that the action of such compounds as 
glutathione on dough is too rapid to be attributed solely to enzyme 
activation. This statement appears also in other papers, as if it were 
an established fact. The rapid initial softening action on dough of 
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relatively large additions of glutathione is an established fact indeed, 
but thus far we have been unable to find in the literature any experi- 
mental support for the statement that such initial action actually is 
too rapid to be attributed solely to enzyme action. 


Purpose of the Investigation 


The purpose of the present investigation has been: (1) to establish 
experimentally whether the action of glutathione on dough is indeed 
too rapid to be attributed solely to enzyme action, (2) to explain the 
progressive decrease of the harmful effect of glutathione on dough 
with an extension of the fermentation time, and (3) to evaluate 
critically the existing objections against the J¢rgensen theory. 


Action of Glutathione on Dough 


J@rgensen (1936) reported the results of the addition to dough of 
0.1% of glutathione and showed how this substance, which itself 
possesses no proteolytic activity at all, caused the dough to lose its 
strength very rapidly. He reported the behavior of dough made 
from flour and water only, and the results of farinograph and baking 
tests with or without the addition of 0.1% of glutathione. He con- 
cluded that flour contains powerful but latent proteolytic enzymes, 
which manifest their presence after the addition of an activator such 
as glutathione. 

The flour used in Jérgensen’s experiments was milled from No. 1 
Manitoba wheat, and all other flours examined have shown the same 
behavior with added glutathione. J¢rgensen, in this paper, presents 
strong arguments in support of the presence of powerful but latent 
proteolytic enzymes in sound wheat flour. 

In order to establish whether or not the immediate softening 
action of glutathione on dough is too rapid to be attributed solely to 
enzyme action, we have repeated J¢rgensen’s tests with flour-water 
doughs and have compared the action of added reduced glutathione 
with that of added papain. Asa matter of fact, results from different 
workers cannot be compared on an absolute basis because of the vary- 
ing strength of different papain preparations, differences in purity of 
commercially available reduced glutathione, and variations in the 
behavior of different flours. 

In the following tests dough has been made from distilled water 
and an untreated straight-grade flour milled from a 100% spring 
wheat. The amounts of added glutathione and papain selected were 
as high as possible in order to obtain a rapid initial action, but not so 
rapid that the doughs could not be handled just after mixing. 
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Simultaneously with the control. test (C) two other experiments 
were made containing, in addition to the flour and water, 0.1% of 
reduced glutathione (test G) and 0.3% of papain (test P), respectively, 
as based on the flour weight. The glutathione and papain were added 
in the water that served to make the doughs. 


5 min 


10 min 


30 min 


60 min 


Fig. 1. Nonfermenting doughs. C = control test. G = 0.1% glutathione. P = 0.3% papain. 


During mixing of both the glutathione and papain doughs a very 
rapid and similar softening was observed, contrary to the control 
test. Immediately after mixing the three doughs were rounded up and 
the three dough balls, which had the same size at that moment, were 
placed side by side on a plate and observed. It was obvious that both 
G and P doughs very rapidly lost their strength (Fig. 1). 

The pictures in Figure 1 were taken, respectively, 5, 10, 30, and 60 
minutes after the dough balls were made and they demonstrate that 
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the action of the papain was more immediate, and was stronger during 
the entire experiment than that of the glutathione. 

In view of Baker’s objections, mentioned above, the same experi- 
ments were made with a sound, untreated Southwestern short patent 
bakery-type flour. In keeping with J¢rgensen’s statement that all 
flours examined by him have shown the same behavior, this short- 
patent flour made from sound wheat also has shown the behavior 
represented in Figure 1. 

These experiments confirm those of Jérgensen (1936) as far as the 
behavior of 0.1% of glutathione is concerned and moreover prove that 
the action of even 0.1% of glutathione, although very rapid, is not 
too rapid to be attributed solely to enzyme action, since the action of 
the enzyme papain has been more rapid than that of the glutathione, 
even in the beginning. The immediate action of added proteolytic 
enzyme can be even more rapid than that of glutathione, and whether 
the immediate action of glutathione will be slower or more rapid than 
that of papain seems to depend exclusively upon the relative amounts 
of these materials that are added to the dough. 

These experiments further provide strong evidence of the presence 
of powerful but latent proteolytic enzymes in wheat flour, including 
sound short patent flour. 

It might be argued, although without experimental foundation, 
that the effect of glutathione on dough is indeed similar to the effect 
of papain, provided the actions of correct amounts of both materials 
are compared, but that this does not prove that glutathione acts as 
an activator of the proteolytic enzymes present in flour. Thus the 
similar effects of the two substances on dough might be pure coin- 
cidence, and the glutathione might act on some other dough con- 
stituent and thus happen to produce an effect similar to that of papain. 
It has indeed been suggested that glutathione, papain, and other SH- 
containing compounds act directly on the gluten because of their 
common SH groups, causing the increase in fluidity of doughs. 

As a matter of fact, absolute proof of any theory in this field is 
difficult to establish, but some additional experiments still further 
substantiate J¢rgensen’s thesis. J@rgensen (1935) has shown that 
yeast increases the activity of those flour proteinases which can be 
inhibited by bromate, and he found that if the flour had first been 
heated 12 hours at 95°C, which inactivates the flour proteinases, yeast 
no longer had such an influence. He also found that the flour pro- 
teinases which can be inhibited by bromate are activated by gluta- 
thione, but that glutathione has no such action on suspensions of 
heated flour. We have completed these experiments with doughs 
made from heated flour, prepared according to Jérgensen’s method 
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from the flour which has been used in our experiments (Fig. 1), using 
exactly the same experimental procedure. The results are repre- 
sented in Table I. 
TABLE I 
SOFTENING OF UNYEASTED DOUGHS 














Flour 
Addition Unheated Heated 
. None No No 
0.1% glutathione Yes No 
0.3% papain Yes Yes 





In these experiments dough made from unheated flour was softened 
by both glutathione and papain addition, but dough made from heated 
flour was softened only by added papain and not by added gluta- 
thione. This proves that with the preliminary heating of the flour, 
which inactivates the flour proteinases, the material on which the 
glutathione acts has also been eliminated, and this increases still 
further the probability that glutathione acts on dough by activating 
the flour proteinases. If papain, glutathione and other SH-containing 
compounds would act directly on the gluten, they should act similarly 
on both heated and unheated flour. 

It may of course again be argued that even our experiments with 
heated flour constitute nothing but coincidence, and that the gluta- 
thione still might act on some flour constituent other than proteolytic 
enzymes, which then also would have to be destroyed by heat; but 
for such a statement no experimental support would be available. 


Decrease of Harmful Effect of Glutathione on Dough with 
Extension of Fermentation 


Sullivan, Near, and Foley (1936), Sullivan, Howe, and Schmalz 
(1936, 1937), and Sullivan and Howe (1937) have shown that the 
presence of glutathione is responsible for the harmful action of wheat 
germ on dough, although proteolytic enzymes present in wheat germ 
will also have a detrimental effect. They demonstrate that when the 
proteolytic enzymes of wheat germ are destroyed by boiling the water 
extract of germ, the heated extract still has an injurious effect on 
dough quality, which they attribute to the fact that the heated extract 
of germ still contains glutathione, which, in turn, activates the latent 
proteinases of flour. They also state that the water extract of germ 
on standing loses its effect, the rate of loss being dependent on the 
temperature and the time. They point to the probability that the 
reduced glutathione (hereinafter represented by GSH), which gives a 
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positive nitroprusside reaction and activates proteinases, is oxidized on 
standing to the S-S form (hereinafter represented by GSSG), which 
gives no nitroprusside reaction and has no activating effect on pro- 
teolytic enzymes. ; 

This conception has since been confirmed. Ziegler (1940, 1940a) 
definitely establishes the fact that only GSH has a harmful effect, 
and demonstrates that oxidized glutathione (GSSG) itself has an 
improving effect on dough, which is the most marked for an addition 
of about 5 mg of GSSG per 100 g of flour, i.e., about 0.005% on the 
flour weight. 

In view of these findings it must be assumed that the progressive 
decrease in the harmful effect of glutathione and wheat germ on dough 
with an extension of the fermentation time must be connected with a 
progressive oxidation of GSH in the dough, or a progressive dis- 
appearance of GSH from the dough through some other kind of re- 
action, and consequently a progressive elimination from the dough of 
the flour-proteinase activator GSH, which means a progressive return 
of the flour proteinases to their latent or inactive state and a progressive 
decrease of proteolytic activity in the dough to which GSH has been 
added, with a progressive improvement of its quality. This con- 
ception, which would explain the behavior of glutathione and wheat 
germ in dough in accordance with J¢rgensen’s theory, finds confirma- 
tion in our experiments and the available literature on this subject. 

The glutathione dough G represented in Figure 1, which did not 
show any sign of progressive decrease from the harmful effect of added 
GSH, with extension of time, was analyzed 75 minutes after it was 
mixed and gave a strong positive nitroprusside reaction for GSH. 
Evidently an addition of GSH as high as 0.1% of the flour weight was 
not entirely oxidized or decomposed in such a relatively short time. 
Moreover, earlier investigators have shown that GSH oxidizes only 
slowly, and Ziegler (1940a) demonstrated that GSH, previously oxi- 
dized to GSSG, seems to recover its deleterious effect in a yeastless 
dough. 

It was therefore appropriate to investigate the behavior of much 
smaller amounts of GSH and of papain added to flour-water doughs 
in the same way as in the previous experiments. To this effect tests 
were made, the results of which are represented in Figure 2. 

C represents the control dough, made of the same flour as was 
used in the previous tests (Fig. 1); G was composed of the same in- 
gredients as C with the addition of 0.005% of GSH on the flour weight, 
and P contains 0.03% of papain. The photographs were made 15 
minutes, 30 minutes, 1 hour, and 2 hours after the dough balls were 
made. It appears that the whole course of the softening was con- 
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siderably slower, as might be expected, and that the G dough re- 
mained distinctly lower than the C dough. The P dough, however, 
was again lower than the G dough throughout the duration of the 
tests. The G dough was analyzed after two hours and no longer gave 
any nitroprusside reaction (although this reaction was positive im- 
mediately after mixing), showing that the small amount of added GSH 


Cc G P 


15 minutes 


30 minutes 


1 hour 


2 hours 





Fig.2. Nonfermenting doughs. C =controltest. G = 0.005% glutathione. P = 0.03% papain 


had completely disappeared from the dough, either by oxidation to 
GSSG or by some other reaction. The dough components did not 
prevent the nitroprusside reaction after two hours, because a further 
addition of a trace of GSH to the reaction mixture produced immedi- 
ately a positive nitroprusside reaction. 

Similar results, but more pronounced, were obtained when a control 
dough was compared with a G dough containing 0.005% of GSH and 
with a P dough containing 0.06% of papain and also when the control 
dough was compared with a G dough containing 0.01% of GSH and 
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with a P dough containing 0.12% of papain. The 0.12% papain 
dough had lost much more of its strength after 1 hour than the 0.06% 
papain dough after 2 hours, whereas the G doughs were only a little 
lower than the control doughs. 


Cc G P 


30 minutes 


1 hour 


2 hours 


3 hours 





Fig. 3. Fermenting doughs. C = control test. G = 0.01% glutathione. P = 0.03% papain 


Further experiments were made with fermenting doughs, composed 
of the same flour and also water, yeast, dextrose, and salt. In the G 
dough 0.01% of GSH was added and the P dough received an addition 
of 0.03% of papain. The results are presented in Figure 3. 
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The photographs were made after 30 minutes, 1 hour, 2 hours, 
and 3 hours of fermentation at 30°C, respectively. In these experi- 
ments only the papain dough progressively lost much of its strength. 
While the glutathione dough after the beginning was slightly lower 
than the control dough, after 2 and 3 hours the GSH dough seemed to 
be equal to or better than the control. 

A dough which duplicated the G dough of this experiment was 
analyzed 15 minutes after mixing and by that time the GSH nitro- 
prusside reaction was found to be negative. The GSH, activator of 
the flour proteinases, had already disappeared and since GSSG acts as 
an improver according to Ziegler, it is readily understandable that 
the harmful effect of GSH disappeared with the extension of the fer- 
mentation time. Evidently the flour-proteinase activator disappeared 
rapidly from the dough, with consequently decreasing flour proteinase 
activity, and this may have been accompanied by the formation of 
GSSG, an improver, with progressive improvement of the dough with 
extension of fermentation time. 

In a fermenting dough numerous factors collaborate to produce the 
final dough volume. Some of these factors, such as gas production, 
tend to increase the dough volume, while others, such as proteolytic 
activity, may tend to decrease the dough volume. If one of the dough- 
volume-decreasing factors is eliminated from the dough sometime 
during the fermentation period, without any change in the dough- 
volume-increasing factors, a larger dough volume must result. This 
fully explains the behavior of the fermenting G dough in Figure 3 as 
compared with the control dough C. Of course the fermenting papain 
dough became progressively worse with extension of time, because the 
added papain remained present during the entire fermentation period. 

Hullett and Stern (1941) have shown that GSH may be eliminated 
from wheat germ by “ prefermentation’’ and that the GSH in such a 
process suffers a more far-reaching change than oxidation to the 
GSSG form. In a normal fermenting dough the same elimination of 
GSH through fermentation may occur, apart from any oxidation or 
other decomposition of GSH which may take place. This may explain 
why in our experiments with fermenting dough the GSH in the G 
dough had disappeared so quickly and why the G dough later equaled 
the control. It also explains why in yeastless doughs the G test re- 
mained lower than the control. 


Elimination of Remaining Objections Against J¢rgensen’s Theory 


The experiments by Geddes (1930, 1941), Flohil (private communi- 
cation), and Ford and Maiden (1938) on the behavior of glutathione 
in dough can now be explained in accordance with J¢rgensen’s theory 
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and in full support of it. In their tests with glutathione, or wheat 
germ, which contains glutathione, the softening effect in the dough 
occurred only in the beginning of the fermentation period and as long 
as sufficient GSH remained present to activate the flour proteinases. 
The GSH, and therewith its harmful activation of the flour proteinases, 
disappeared progressively from the fermenting dough with extension 
of the fermentation time. Some oxidation to GSSG may have had an 
improving influence, and with prolonged fermentation time the initial 
harmful effect of the added GSH might even have been overcome 
entirely (Flohil, private communication). 

According to Ford and Maiden additions to dough of 0.005% of 
glutathione and 0.03% of papain had similar effects upon their doughs 
during the first ten minutes of mixing. It is now evident that the 
small amount of GSH, and therewith the flour-proteinase activator, 
must have disappeared very rapidly from their doughs, but not the 
added papain, so that these additions could not be expected to show 
parallel effects during the entire fermentation period, as believed by 
Ford and Maiden. According to J¢rgensen’s theory it must be 
expected, on the contrary, that the effect of 0.03% of papain, which 
remains in the dough to exert its detrimental influence, will after 
several hours of fermentation very far exceed the softening effect of 
only 0.005% of GSH, and this is precisely what Ford and Maiden 
found, in support of J¢rgensen’s theory, although they did not in- 
terpret it thus. 

Baker’s objections are based on the opinion that short patent 
flours made from sound wheat should contain only an extremely small 
amount of demonstrable proteolytic enzyme, making it difficult to 
believe that the very profound effects obtained are due to an action 
by this very small quantity. It follows from our experiments, in 
confirmation of Jérgensen (1936), that even sound short patent flours 
contain powerful but latent proteolytic enzymes, which only need an 
activator (which is supplied by glutathione or by yeast) to exert 
their powerful action, and it is therefore perfectly conceivable that 
these enzymes, once being activated, have such powerful effects. 

The presence of proteolytic enzymes in flour, however, has re- 
peatedly been reported in the literature (Stockham, 1920; Bailey, 1925; 
Balls and Hale, 1935; Blagoveschensky and Yurgenson, 1935; Flohil, 
1936) (untreated patent flour). Landis and Frey (1938) give figures 
for the proteolytic activity of wheat flour as compared with malts. 
Their data indicate relatively appreciable proteolytic activity in 
different kinds of flour, including short patent flours. Similar figures 
have recently been published by Hildebrand (1942). Freilich and 
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Frey (1939) bring further evidence of proteolytic activity in patent 
flours. 

Hale (1939), discussing the presence of proteinase in flour, states 
that Jérgensen’s work has definitely established the point at issue and 
he shows the type of direct evidence that is based on the actual extraction 
of the proteinase from patent flour and the observation of its behavior in 
solution toward well-known activators and inhibitors of papain, which 
is found to be like the behavior of papain. Hale furthermore states 
that the unbleached patent flour used ‘‘ reduced the viscosity of gelatin 
at about the same rate as one fifty-thousandth of its weight of crystal- 
line papain. This quantity of enzyme seems in fact surprisingly large, 
when one considers the effect of a trace of papain added todough. One 
part of commercial papain to 20,000 parts of flour may completely 
liquefy a dough, and a quarter of this quantity of the crystalline 
enzyme should also suffice. If, as seems reasonable, this marked 
change is caused by scarcely doubling the (flour) proteinase, it follows 
that the amount naturally present is of no slight importance. There is 
without doubt enough to produce disastrous effects if by mischance 
the enzyme should be activated—a situation that can conceivably 
arise in several ways.” 

Baker, Parker, and Mize (1942) refer to this paper by Hale (1939) 
to support their view that patent flours contain so little proteolytic 
enzyme that much doubt should be thrown on J¢rgensen’s theory, 
but in view of the foregoing quotations from Hale, the reference by 
Baker and collaborators to Hale’s paper in this respect seems to be 
unfounded. In view of the well established fact of the presence of 
powerful but latent proteolytic enzymes in flour, Baker’s objections 
are not justified. 

Sullivan, Howe, Schmalz, and Astleford (1940) have made extensive 
studies in order to find some other action of oxidizing agents in dough, 
but most of their experiments gave negative results. They found that 
flours with poor baking quality do not always have a higher glutathione 
content; that the influence of bromate and similar oxidizing agents on 
the lipid complex of flour is not primarily responsible for their im- 
proving action; that there is no significant effect of these oxidizing 
agents on the diastatic enzymes, nor on the starch, nor on the sugars. 
If this effect is not on the proteolytic enzymes, these authors suggest 
that the beneficial effect of the oxidizing agents then should be upon 
the gluten, and upon the sulfur linkages of the gluten. However, 
they recognize that proteolytic enzymes themselves also contain a 
similar sulfur linkage and they realize that it will be difficult to prove 
that the activation of the proteolytic enzymes is a secondary effect. 
Their paper does not seem to bring direct evidence against the pro- 
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teolytic enzyme theory, and we do not know of other published objec- 
tions to this theory which cannot be shown to be actually in accordance 
with it. 


Velocity of the Action of Glutathione and Papain on Dough 


In Table II the amounts of glutathione, wheat germ, or papain 
added to the dough by various authors, are summarized. 


TABLE II 
ADDITIONS TO DouGH BY VARIOUS AUTHORS 





| 











Author Papain GSSG GSH | Wheat germ 
Geddes... . ', 2ate — — - 5% 
Sullivan, Howe, and | 

Schmalz........ — — | 0.02%! | 10%! 
Flohil................) 000% | un | pai | 2-4% 
Ford and Maiden.....| 0.03% — | 0.005% | — 

0.0067 % am | 0.005% io 
Jérgensen.... -= = 0.1% -— 
Elion (Fig. 1).... 0.3% — | 0.1% — 
0.03% - 0.005% 
Elion (Fig. 2).........| 10.06% - | 10.005% oo 
0.12% a 0.01% i 
Elion (Fig. 3).. 0.03% _ | 001% | _ 
Ziegler..... , Pee -— | 0.005% — —- 


| (optimum) 





1 Sullivan, Howe, and Schmalz found that the initial effect on dough of 0.02% added glutathione 
was about the same as that of the added extract of 10% wheat germ. 

We have shown that, if the proper amounts of glutathione and 
papain are compared, the immediate as well as the delayed actions of 
papain can be stronger than those of glutathione. It is also possible 
to select the relative amounts differently, so that both materials act 
with the same initial speed, whereas the papain will have a stronger 
ultimate effect after a prolonged period of time. The amounts may 
also be selected, as has been done by Ford and Maiden (0.0067% of 
papain and 0.005% of GSH) so that the glutathione test in the be- 
ginning gives faster action than the papain test, and later of course 
becomes slower. 

Freilich and Frey (1939) state that ‘‘cysteine and glutathione 
produce immediate specific effects, which are noticeable while the 
dough is still being mixed, but the effects of papain are very gradual 
by comparison; doughs with added papain in amounts which produce 
effects in bread similar to those of cysteine and glutathione, may be 
normal after mixing and become soft and sticky only after a few hours’ 
fermentation.”’ This observation also fits Jérgensen’s theory. How- 
ever, the statement that glutathione produces immediate “specific”’ 
effects, whereas the effects of papain are very gradual, may easily 
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cause misunderstanding. This statement must have resulted from the 
comparison of inadequate amounts of papain and glutathione. In 
fact, if one compares the action on dough of papain and of GSH in 
amounts which produce similar effects in bread (that is, after the entire 
fermentation period, when only the original amount of papain added 
still retains its harmful effect, while the other ingredient (GSH) 
probably has already disappeared entirely from the dough) it is ob- 
vious that the initial amount of GSH added to the dough must have 
been considerably too large as compared with the amount of papain 
added, in order to have enough GSH remain in the dough to show any 
effect on the baked bread. Only under such abnormal conditions of 
comparison is the initial action of the GSH much stronger than of 
the papain, but this does not justify the conclusion that GSH should 
have any specific effect which is not shown by papain. As a matter 
of fact, there is no such specific difference between the action of gluta- 
thione and of papain, provided they are compared only as long as both 
materials are present in the dough in the amounts in which they have 
been added—that is, only in the very beginning of the fermentation 
period. When compared under such conditions, the effects of gluta- 
thione and of papain on dough are entirely similar, as shown in our 
experiments. 
Chemical Effects of Flour Proteinases 


Proteolytic enzymes can be measured only by the effects which 
they produce. As far as the chemical changes involved in such action 
are concerned, Bailey (1925, page 266) stated: ‘‘It is conceivable that 
substantial modification of the gluten proteins in contact with active 
proteases may result without any material increase in the simpler de- 
gradation products of proteolysis which can be estimated by analytical 
methods now available.” 

Blagoveschensky and Yurgenson (1935) showed that flour pro- 
teinases possess a definite solvent action on wheat proteins, which 
effect is one of disaggregation and not of increase in amino nitrogen. 

Balls and Hale (1936, 1936a) also show that very considerable 
modification of a protein can occur and still be recorded only as a 
small change when measured by any of our present-day chemical 
methods. 

Notwithstanding the analytical difficulties to be expected, Amos 
(1942) recently found a small but definite and progressive increase 
even in amino nitrogen in an unyeasted dough. 

The fact that the strong physical influence of proteolytic enzymes 
in flour on the dough properties is difficult to establish with chemical 
methods may have been the cause for the belief that the amount of 
proteolytic enzymes in flour must be insignificant. 
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Summary 


The action of glutathione and of wheat germ, which contains 
glutathione, on dough has been considered by some authors as being 
evidence against the correctness of Jérgensen’s theory of the action of 
bromates and similar oxidizing agents as flour improvers. The present 
author, from the literature and new experimental evidence, shows that 
the hitherto unexplained behavior of glutathione in dough can be 
explained, in accordance with and in support of J¢érgensen’s theory, 
solely by the activating effect of reduced glutathione upon the powerful 
but latent flour proteinases and that the progressive decrease of the 
harmful effect of reduced glutathione with increased fermentation 
time results either from the progressive oxidation of reduced gluta- 
thione to oxidized glutathione (which is not a proteinase activator, 
but a flour improver) or from its progressive elimination from the 
dough because of some more far-reaching change. 

It is pointed out that, while oxidizing agents may be found to 
act also on dough constituents other than proteolytic enzymes, the 
proteolytic enzyme theory of Jérgensen is too well founded and sup- 
ported to permit its rejection. 
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OBSERVATIONS ON THE pH OF CHEMICALLY 
LEAVENED PRODUCTS 


ELIZABETH McKim and H. V. Moss 


Monsanto Chemical Company, St. Louis, Missouri 


(Read at the Annual Meeting, May 1942) 


Interest in the pH of chemically leavened products has been re- 
vived by the increasing knowledge of the effect of H-ion concentration 
on thiamin retention. Variables affecting the determination of pH 
of baked products are of new significance because these may influence 
the correlation of thiamin destruction with pH. 

Several investigators have studied the measurement of pH of flour 
and baked products. Halton and Fisher (1928) found that pH of 
flour extracts increased with increase in the ratio of water to flour 
used in the determination. Whittier and Grewe (1929) substantiated 
the effect of the water-to-sample ratio and concluded that pH of 
extracts of baked products is not a reliable measure of H-ion con- 
centration of the undiluted product. Garnatz (1937) found that pH 
of water extracts decreased on standing and Stamberg and Bailey 
(1939) found that pH of cakes shifted toward neutrality on standing 
three days. 
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Biscuits and cakes were made by the formulas and procedures 
shown in Tables I and II. Typical leavening mixtures were used in 


TABLE I 
Biscu1T FORMULAS 


























Acid leavening 
Sodium | Mono- | Mono- 
acid calcium | calcium 
pyro- phos- phos- Cream MCP, 36.3% 
phos phate phate, of SAS, 63.7% 
phate anhy- hy- tartar 
drous drated 
Neutralizing value of acid 70.0 83.5 80.0 50.0 86.8 
. g o g 
Flour: 50% patent soft wheat, 
chlorine bleached, pH 5.0—5.2 200.0 | 200.0 | 200.0 | 200.0 200.0 
Salt (NaCl) 4.0 4.0 4.0 4.0 4.0 
Soda (NaHCO;) 2.5 yo 3.0 3.0 3.0 
Acid leavening 3.57 3.0 3.75 6.0 3.45 
ml ml ml ml ml 
Shortening (Wesson Oil) 25.0 25.0 25.0 25.0 25.0 
Milk (10% reconstituted DSM) 122.0 122.0 122.0 122.0 122.0 














Procedure: Dough mixed in Kitchen-aid 4% minute; rolled, folded, rolled, and 


cut. Baked 12 minutes at 460°F in electric oven. 


TABLE II 
CAKE FORMULAS 





Flour: 50% patent soft wheat, chlorine bleached 


Sugar: fine granulated 250 ¢g 
Hydrogenated shortening 65 g 
Dried skim milk 30 g 
Water 200 =mli 
Whole fresh egg 82 g 
Salt 4 ¢g 
Soda 3. g 
Acid leavening: 
Sodium acid pyrophosphate 4.3 ¢g 
or monocalcium phosphate—anhydrous 3.6 g 
or monocalcium phosphate—hydrated 3.75 g 
or cream of tartar 6.0 g 
or MCP 36.3% + SAPP 63.7% 3.45 
Procedure: (1) The milk was reconstituted in the water before using. 
(2) Sugar and shortening creamed 5 minutes on second speed. (3) Egg 


added and creamed 5 minutes on second speed. (4) Dry ingredients 
sifted 4 times and added alternately with milk at first speed in 30 
seconds. (5) Mixed second speed 14% minutes. (6) Scaled at 325 g 
and baked 35 minutes at 400°F in an electric oven. 


amounts usually employed for each particular combination. Except 
where noted, the pH of biscuits and cakes was determined by the 
following procedures. 
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Method of Determining pH 


Biscuit: A whole biscuit that had been out of the oven 3 to 4 hours 
was weighed, broken up in a porcelain mortar, and twice the weight 
of the biscuit in ml of water was added. The whole was macerated 
with the pestle until a uniform mixture was obtained and the biscuit 
was thoroughly wetted. A portion of this slurry was placed in a 
20-ml beaker and pH determined directly on the slurry with a Leeds 
and Northrup 1199-12 glass electrode. 

Two readings were made with stirring of the slurry between read- 
ings. If readings deviated beyond 0.1 pH a third reading was made. 
Poor checks indicated improper sample preparation. 

To avoid contamination of the electrode, it was washed with dis- 
tilled water after each determination and occasionally wiped with lens 
paper or cleansing tissue. Sometimes acetone was used to remove 
adhering fat. 

Cake: Cakes were allowed to stand overnight after baking. The 
crust was cut off and 15 g of crumb was crumbled in a mortar. 30 ml 
water was added and this mixed thoroughly with a pestle. From 
here, procedure was the same as for biscuits. 


Biscuits 


bH of biscuit doughs: An attempt was made to determine the pH 
of the straight doughs containing typical leavening mixtures. Because 
of large error in the determinations on the undiluted dough it was 
found necessary to resort to diluting the dough with half its weight of 
water. In Table III typical values are given for biscuit doughs con- 
taining the more usual leavening mixtures. 


TABLE III 
PH oF Biscuit DouGus 
(Electrometric on mixture of 1 part water to 2 parts _—— 


A verse ge PE 








o of 
twelve Range mean 
MCP-SAS “combination” 6.95 6.57—7.20 +0.0361 
Monocalcium phosphate, hydrated 6.79 6.58-6.95 +0.0256 
Sodium acid pyrophosphate 6.74 6.30—7.05 +0.0345 
Monocalcium phosphate, anhydrous 6.66 6.48-6.78 +0.0180 
Cream of tartar 6.39 6.18-6.80 +0.0323 
5.78-5.91 +0.0105 


Unleavened dough 5.82 








All the leavening combinations raised the pH of the dough, cream 
of tartar the least and an MCP-SAS combination the most. Differ- 
ences between hydrated monocalcium phosphate and sodium acid 
pyrophosphate and between sodium acid pyrophosphate and anhy- 
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drous monocalcium phosphate were not statistically significant; all 
other differences were significant. 

Age and temperature of dough vs pH of biscuit: When biscuit doughs 
were allowed to stand there was no significant change in pH. This 
may have been influenced by the relatively large error in the deter- 
mination on the dough. However, the pH of biscuits with some of 
the leavening mixtures was affected by the time the dough stood before 
baking. These values are shown in Table IV. 


TABLE IV 
EFFECT OF AGE AND TEMPERATURE OF DOUGH ON PH OF BAKED BISCUIT 
(Electrometric pH on mixture of 2 parts water to 1 part whole biscuit) 


Age of dough 
Acid leavening 
0 hr 2 hrs 4 hrs Over 
night 
DOUGHS HELD AT 20°—23°c 
Sodium acid pyrophosphate 7.49 7.22 7.10 | 6.98 
Monocalcium phosphate, anhydrous 6.86 | 6.85 6.86 6.86 
Monocalcium phosphate, monohydrate 6.85 6.88 6.86 6.83 
Cream of tartar 6.65 6.85 6.74 | 6.66 
Monocalcium phosphate, hydrated, 36.3% ‘ " as ‘ 
Sodium aluminum sulfate, 63.7% 1.06 1.04 6.91 6.91 
No leavening 5.98 - 


DOUGHS HELD AT 8°c 


Sodium acid pyrophosphate 7.39 


7.36 7.12 
Monocalcium phosphate, anhydrous 6.85 6.84 6.88 
Monocalcium phosphate, monohydrate 6.88 6.86 6.86 
Cream of tartar 6.81 6.72 6.73 
Monocalcium phosphate, hydrated, 36.3% 702 702 6.93 


Sodium aluminum sulfate, 63.7% | 

Biscuits made with sodium acid pyrophosphate were more acid the 
longer the dough was allowed to stand, and the higher the dough 
temperature the greater the change. An MCP-SAS combination 
showed the same tendency to a lesser extent. Cream of tartar bis- 
cuits appeared to go through a maximum in about 2 hours and then 
declined; this trend was shown by three individual doughs from which 
these data were developed. 

From Tables III and IV, it is apparent that the pH of biscuits 
was higher than that of the doughs from which they were made and 
that this difference varied with the type of leavening used. 

Age and condition of biscuit vs pH of biscuit: It is common practice 
to air-dry and crumble samples which are to be assayed for vitamin 
content and the assay thus obtained is sometimes related to pH of 
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the same sample and sometimes to the pH of the fresh undried product. 
In order to determine whether pH of the dried and undried material 
is the same, pH determinations were made on fresh and on one-day-old 
whole biscuits and on air-dried, crumbled, whole biscuits. 


TABLE V 


EFFECT OF AGE AND CONDITION OF BISCUIT ON PH oF BISCUIT 
(Electrometric pH on mixture of 2 parts water to 1 part whole biscuit) 








Aged overnight 











Aged 1 hr, Overall 
whole change 
Whole Crumbled 

Sodium acid pyrophosphate 7.50 7.40 7.22 —0.28 
Monocalcium phosphate, anhydrous 6.80 6.81 6.74 —0.06 
Monocalcium phosphate, hydrated 6.84 6.85 6.72 —0.12 
Cream of tartar 6.70 6.72 6.60 —0.10 
MCP-SAS combination 7.01 7.05 6.90 —0.11 














The results in Table V show that on aging the exposed whole bis- 
cuit there is no significant change in pH. When the biscuit is crumbled 
and air-dried there is a definite drop in pH which varies with the 
leavening. Furthermore, the difference in pH between the aged, 
whole, and crumbled biscuits increases with increase in pH of the 
whole fresh biscuit. This is shown in Figure 1. 
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Fig. 1. Change in pH of whole biscuit on air drying. 


Effect on pH of water-to-sample ratio: It has been demonstrated 
that increasing the proportion of water to sample used in the deter- 
mination results in an increase in pH which is not accounted for by 
dilution effect (Whittier.and Grewe, 1929). In order to determine 
whether this is true with all common leavening combinations, pH was 
determined on fresh whole biscuits made with the various leavenings 
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and by varying the water-to-sample ratio as shown in Table VI. 
These data show that pH increases on all typical biscuits with increase 
in the proportion of water used in the test. Only in the case of the 


TABLE VI 


EFFECT ON PH CAUSED BY VARIATION IN RATIO OF WATER TO Biscuit UsEep 
IN THE DETERMINATION 











| Ratio water to whole biscuit 

















1:1 | 2:1 4:1 10:1 
Sodium acid pyrophosphate 7.40 7.49 7.58 7.64 
Sodium acid pyrophosphate, change in 1 hr —0.13 | —0.15 | —0.18 | —0.04 
MCP-SAS combination 6.88 7.01 7.05 7.20 
Monocalcium phosphate, anhydrous 6.78 6.82 6.90 6.96 
Monocalcium phosphate, hydrated 6.70 6.83 6.90 6.97 
Cream of tartar 6.61 6.68 6.65 6.72 








SLURRY VS FILTERED EXTRACT—(10 : 1) 




















Filtered extract 
Slurry 
15min | 30min | 60 min 
Sodium acid pyrophosphate 7.64 7.64 | 7.62 | 7.56 
Sodium acid pyrophosphate, ‘change in 1 hr os —- | — — .08 
Monocalcium phosphate, anhydrous 7.08 7.06 7.08 7.04 
Monocalcium phosphate, hydrated 7.04 7.08 7.06 7.06 














biscuits made with sodium acid pyrophosphate did the slurries de- 
crease in pH on standing one hour. 

The official A. O. A. C. and A. A. C. C. methods, which call for a 
10-water-to-1-sample ratio, give generally high pH values on chemi- 
cally leavened products. The filtered extract and the unseparated 
slurry give essentially the same result. 


TABLE VII 
PH oF Biscuir CRUMB AND CRUST 
(Reconstituted dry skimmilk as liquid) 











Whole Top Bottom 

biscuit Crumb crust crust 
Sodium acid pyrophosphate 7.50 7.72 7.11 7.11 
MCP-SAS combination 6.90 7.20 6.58 6.70 
Monocalcium phosphate, hydrated 6.88 6.91 6.72 6.70 
Monocalcium phosphate, anhydrous 6.84 6.93 6.62 6.70 
Cream of tartar 6.60 6.98 6.20 6.26 

















EFFECT OF BROWNING ON PH OF CRUST 

Pale crust Brown crust 
Sodium acid pyrophosphate ‘ 6.72 
Monocalcium phosphate, anhydrous 6.97 6.64 
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pH of biscuit crumb and crust: The pH of bread and cake is usually 
determined on the crumb but since biscuits have a relatively high 
proportion of crust it has been the practice in this laboratory to deter- 
mine pH on the whole biscuit by the method previously described. 
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Fig. 2. Differences between the pH of biscuit crust and crumb at various levels. 


In order to establish the differences in the pH of different portions 
of biscuits leavened with various mixtures, determinations were made 
on the biscuit crumb, the top and bottom crusts, and the whole biscuit. 
The results in Table VII show that the crumb was more alkaline and 
the crust more acid than the whole biscuit. The bottom and top 
crusts were the same. 
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The difference in pH of the crust and crumb varied with the 
leavening, the browning of the crust, and the pH of the crumb. At 
usual pH levels, calcium acid phosphates showed the least difference 
and cream of tartar the most. The browner the crust the more acid. 
Using water instead of milk raised the pH 0.2 to 0.3 unit with every 
leavening except cream of tartar; with the latter the pH was 0.05 to 
0.10 lower. 

The effect of increase in alkalinity of the crumb upon the differ- 
ence in pH between the crust and crumb is shown for the phosphates 
in Figure 2. The more alkaline the crumb, the greater the difference 
between the crust and crumb. Anhydrous monocalcium phosphate 
gave a relatively more acid crust than the monohydrate but the change 
with increase in pH of the crumb was essentially the same for both of 
these salts. Sodium acid pyrophosphate at low crumb-pH had the 
most acid crust but as alkalinity of the crumb increased the differ- 
ence in pH of crust and crumb changed less than with the calcium 
phosphates. 


Cakes 
pH of batters and cakes: It is shown in Table VIII that as with 


biscuit doughs, the usual leavening salts raised the pH of the batter, 
and cakes generally showed a higher pH than the corresponding 


batters. 
TABLE VIII 
PH or BATTERS AND CAKES 
(Electrometric, on batter as is) 
Age of batter 
Ohr 2 hrs 4 hrs Overnight 
BATTERS HELD AT 23°C 

Sodium acid pyrophosphate 7.19 6.91 6.85 6.98 
Monocalcium phosphate, anhydrous 7.00 6.20 6.30 6.50 
MCP-SAS combination 6.72 6.64 6.72 6.91 
Monocalcium phosphate, hydrated 6.32 6.36 6.36 6.78 
Cream of tartar 6.30 6.20 6.22 6.33 
No leavening 6.13 


CAKES FROM ABOVE BATTERS 


Sodium acid pyrophosphate 7.28 7.13 
Monocalcium phosphate, anhydrous 6.84 | - ~~ 6.78 
MCP-SAS combination | 6.98 — | - 6.88 
Monocalcium phosphate, hydrated 6.84 6.68 
Cream of tartar | 6.88 7 
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On letting the batters stand, all but the one made with mono- 
hydrate monocalcium phosphate showed an initial drop in pH which 
with sodium acid pyrophosphate was relatively retarded; on prolonged 
standing, pH of the batter tended to rise. The cakes from the aged 
batters were more acid than those from fresh batters. 

Effect on pH of water-to-sample ratio: Increasing the proportion of 
water to cake crumb used in the pH determination gave an effect 
similar to that found with biscuits. Since the cake crumb was more 
moist than a biscuit, pH measurements were also made on the crumb 
without added water. Although the error in the latter values is large 
the results are shown with the other data in Table IX to demonstrate 
the pronounced effect of the first increment of water added. 














TABLE IX 
EFFECT ON PH CAUSED BY VARIATIONS IN RATIO OF WATER TO CAKE CRUMB 
Ratio water to crumb 

0 838 233 | 431 | 10:1 

Sodium acid pyrophosphate 6.30 7.20 Pm 7.38 7.38 
MCP-SAS combination 6.55 6.87 6.98 7.06 — 
Monocalcium phosphate, anhydrous 6.02 6.82 6.90 6.99 7.03 
Cream of tartar 6.47 6.71 6.88 6.94 <= 
Monocalcium phosphate, hydrated 6.10 6.66 6.84 6.88 — 
No leavening 6.38 —_ 6.60 — — 




















bH of various parts of cake: The pH determinations on various 
portions of cakes containing typical leavening mixtures are shown in 
Table X. The cake was most alkaline in the middle and became 
progressively more acid toward the crust. Unlike biscuits, the bottom 
crust was more acid than the top crust. 


TABLE X 
PH oF CAKE CRUMB AND CRUST 
(Electrometric on 2 parts water to 1 part cake portion) 























Half 
Middle Whole 4 Top Bottom 
of crumb from crust crust 
cake crust 
Sodium acid pyrophosphate 7.26 7.25 7.24 6.70 | 6.12 
MCP-SAS combination | 7.01 6.98 6.90 6.50 5.88 
Monocalcium phosphate, anhydrous 6.88 6.88 6.79 6.67 6.01 
Cream of tartar 6.98 6.84 6.77 6.29 §.72 
Monocalcium phosphate, hydrated 6.76 6.76 6.69 6.58 6.11 








Summary and Conclusions 


The pH values for biscuit doughs, cake batters, and baked prod- 
ucts containing the more common leavening mixtures were determined 
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and the effect of certain variations in the method of determining pH 
were studied. 

Biscuit doughs did not change in pH on standing. Biscuit baked 
from doughs leavened with sodium acid pyrophosphate and with a 
typical combination of monocalcium phosphate and sodium aluminum 
sulfate became more acid the longer the dough stood before baking. 
The air-dried crumbled biscuit was more acid than similar whole 
biscuit of the same age. The higher the water-to-sample ratio used 
in the pH determination the higher was the pH. The biscuit crumb 
was the most alkaline and the crust the most acid; the relation of pH 
of crust to crumb changed with the pH of the crumb. 

The more liquid cake batters changed in pH on aging, and the 
older the batter the lower was the pH of the cake baked from it. 
The effect of changing ratio of water to sample and the relative levels 
of pH in different portions of the cake were similar to those found on 
biscuits. 

Aside from variations in baking procedure which have been shown 
to influence the pH of the baked product as measured by a given 
method, variations in the method of determining pH on the same 
biscuit or cake had a pronounced effect on the value obtained. High 
values were obtained on a fresh center crumb with 10 parts water to 
1 part sample in the determination; low values resulted when the 
whole air-dried product was tested with the minimum of water. These 
extremes in procedure can result in a difference of 0.4 to 0.6 pH units 
on the same baked product, the magnitude of the difference depending 
upon the leavening. 

An estimate of the retention of thiamin in baked products cannot 
be made on the basis of pH unless the method employed in deter- 
mining pH is standardized and has been previously correlated with 
vitamin assays. 
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CONTENT OF CORN BY KILN DRYING 
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(Read at the Annual Meeting, May 1942) 


Many distilleries include in their grain specifications the stipulation 
that corn shall have a moisture of not more than 12% to 13%. Much 
of the new corn crop each year is kiln-dried, both to meet the distillery 
specifications and to avoid spoilage in the elevator. Plant observations 
over a period of several years have revealed a drop in alcohol yield in 
the autumn, which appears to coincide with the use of kiln-dried corn. 
In order to determine the effect of kiln drying on the fermentable 
carbohydrate content of corn, a number of samples were obtained from 
an experimental commercial drier. 

These portions of the same original batch had been dried at 160°, 
170°, 180°, 190°, and 200°F. Our procedure was to set small-scale 
laboratory fermenters of spirits mash (92% corn, 8% barley malt) 
under conditions similar to those used in mashing and setting plant 
fermenters. The corn was ground, cooked atmospherically for one 
hour, and then pressure-cooked for one hour in the autoclave at 22 
pounds. The cooks were cooled to 145°F and a malt slurry added for 
conversion. The converted mash was cooled to 68°—72°F, 20% stillage 
was added to adjust the concentration to 38 gallons per bushel of grain, 


TABLE I 
ALCOHOL YIELD FROM CORN DRIED IN AN EXPERIMENTAL COMMERCIAL DRIER 





Gallons 100 proof 





Sample Drying alcohol per bushel 
No. temperature of grain (dry basis) 
oF 

6 160 6.07 

7 170 6.09 

8 180 6.08 

9 190 6.14 

10 200 5.82 





and the pH adjusted to 4.8. Fermenters were then set with an in- 
oculum of 2% yeast by volume. At the end of 68 hours’ fermentation 
the alcohol was distilled off and read on the Zeiss refractometer. Al- 
cohol yield was calculated as gallons of 100 proof alcohol per bushel of 
grain on the dry basis and as plant fermentation efficiency, which is 
equal to the grams of alcohol actually obtained on distillation divided 
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by the theoretical alcohol yield, which is based on the initial total sugar 
present in the set fermenter. 

It will be noted that the yield from the corn dried at 200°F was 
significantly lower than the yield from the portions dried at lower 
temperatures (Table I). In order to investigate this problem more 
fully an experimental rotary drier was constructed in our laboratory 
(Fig. 1). This drier was installed in an incubator equipped with 








Fig. 1. Rotary drier. 


heaters capable of maintaining a temperature as high as 240°F. An 
electric fan in the incubator insured even heat distribution. The 
drier was rotated at approximately 30 rpm. Samples of new-crop 
corn with high moisture were secured and portions were dried in the 
experimental drier at 180°, 190°, 200°, 210°, 220°, and 230°F. The 
length of time for drying was varied to secure the desired final moisture. 

The corn used in the experiment reported in Table IT had an initial 
moisture of only 14%, so it was dried to a moisture of 10%. It will 
be noted that the proof gallons per bushel yield recovered from corn 
dried at 210° and 230°F was somewhat lower than the yield obtained 


TABLE II 

ALCOHOL YIELD FROM CORN WITH AN INITIAL MOISTURE OF 14% DRIED IN ROTARY 
LABORATORY DRIER (FIG. 1) 

(Initial moisture 13.47%) 








Gallons 100 proof 





Sample Drying Drying Final alcohol per bushel 
No. temp. time moisture of grain (dry basis) 
°F min % 

1 170 50 9.89 5.83 

2 180 40 10.14 5.86 

3 190 20 10.71 5.94 

4 210 20 10.45 5.68 

5 230 20 9.57 5.74 
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from corn dried at lower temperatures. It was felt that a sample of 
higher moisture corn should be tested, since corn reaching a commercial 
elevator with 14% moisture would not normally be dried. 

Accordingly a sample of corn was secured with a moisture of 16%. 
Again the alcohol yield from corn dried at temperatures higher than 
200°F was lower than the yields from corn dried at lower temperatures 
(Table ITT). 

TABLE III 


ALCOHOL YIELD FROM CORN WITH AN INITIAL MoIsTURE OF 16% DRIED IN ROTARY 
LABORATORY DRIER (FIG. 1) 








Gallons 100 proof 
Sample Drying Drying Final alcohol per bushel 








No. temp. time moisture of grain (dry basis) 
°F min % 
1 Unheated control 14.13 6.04 
2 180 15 12.19 6.00 
3 190 13 12.08 5.92 
4 200 12 12.44 _ 6.01 
5 208 10 12.22 5.78 
6 220 8 12.36 5.79 
TABLE IV 


ALCOHOL YIELD FROM CORN WITH AN INITIAL MoIsTURE OF 17% DRIED IN ROTARY 
LABORATORY DRIER (FIG. 1) 








Gallons 100 proof 





Sample Drying Drying Final alcohol per bushel 
No. temp. time moisture of grain (dry basis) 
°F min % 

1 Unheated control 17.28 6.31 

2 180 19 14.22 6.12 

3 190 17 13.97 6.12 

4 200 16 13.87 6.02 

5 210 14 13.71 5.90 

6 220 12 14.27 5.92 





Table IV presents the results of test fermentations on a corn sample 
with an initial moisture of 17%. Larger amounts of this corn were 
used in each drying than were used in previous experiments. For 
this reason, a longer exposure to the heat was necessary to attain the 
desired final moisture. Several important indications may be found 
in these data: first, the detrimental effect of drying temperatures above 
200°F; second, the unheated control gave a higher proof gallon per 
bushel yield than any of the kiln-dried samples. These results were 
checked by additional experiments employing the same conditions. 

In order to approximate more closely the conditions employed in 
certain commercial driers, a different type of laboratory kiln drier was 
constructed (Fig. 2). 
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Compressed air is passed through a manometer in order to main- 
tain a constant rate of flow. The air is then passed through a glass 
coil where it is heated by a Bunsen burner tothe desired temperature. 

















_) 





























Sw. 


Ak 


Temperature is determined by means of a thermometer inserted in the 
bottom of the large Buchner funnel, which serves as the drier. Corn, 
placed in the funnel, is stirred by a bent-glass rod driven by a small 
laboratory motor. A metal cover over the funnel reduces heat loss. 











Fig. 2. Drier No. 2. 


TABLE V 
ALCOHOL YIELD FROM CORN DRIED IN LABORATORY DRIER No. 2 (FIG. 2) 








Gallons 100 proof 





Sample Drying Drying Final alcohol per bushel 
No. temp. time moisture of grain (dry basis) 
od min % 

1 160 45 12.70 6.14 

2 180 35 12.78 6.10 

3 200 33 12.53 6.19 

4 210 30 12.85 6.18 

5 Unheated control 15.76 6.35 





The corn used in the experiment reported in Table V had an initial 
moisture of 17.5%. The amount of corn and the velocity of air were 
varied so that 45 minutes were required to dry the sample to a moisture 
of 12.5% at 160°F. This time-temperature relationship is the same 
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TABLE VI 
ALCOHOL YIELD FROM CoRN DRIED IN LABORATORY DRIER No. 2 (Fic. 2) 


Gallons 100 proof 








Sample Drying Drying Final alcohol per bushel 
No temp time moisture of grain (dry basis) 
F min % 

1 160 45 13.50 17 

2 180 35 13.63 6.16 

3 200 33 13.61 6.20 

4 210 30 13.46 6.21 

5 220 29 13.14 6.21 

6 Unheated control 16.87 6.30 


as that used by at least one commercial drier. It will be noted that 
the yield of alcohol from the unheated control was again higher than 
that from any of the kiln-dried samples. 

Table VI presents the results of an experiment carried out under the 
same conditions as the previous one and merely serves to confirm those 
results. The decrease in yield between corn dried at temperatures 
lower than 200°F and corn dried at 200°F and higher was not evident 
with this type of drier. The explanation may lie in the fact that the 
first type was inclosed in a cabinet and there was no significant tempera- 
ture differential between the corn and the surrounding atmosphere. 


TABLE VII 


ALCOHOL YIELD FROM CORN DRIED IN LABORATORY DRIER No. 2 (Fic. 2) USING 
REDUCED DRYING TIME 


Gallons 100 proof 





Sample Drying Drying Final alcohol per bushel 
No. temp. time moisture of grain (dry basis) 
°F min % 

| 160 23 13.13 6.14 
2 160 23 13.13 6.15 
3 200 17 13.10 6.16 
4 200 17 13.10 6.17 
5 220 15 13.10 6.18 
6 220 15 13.10 6.18 
7 Unheated control 16.11 6.29 
8 Unheated control 16.11 6.28 


TABLE VIII 
ALCOHOL YIELD FROM CoRN DRIED AT ROOM TEMPERATURE 


Gallons 100 proof 





Sample Drying Final alcohol per bushel 
No. temp. moisture of grain (dry basis) 
or 
o 
Room temperature 12.16 6.07 


1 
2 Undried control 15.62 6.07 
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With the second type the heat loss was much greater and the grain 
actually never reached the temperature of the air passed through it. 
This might seem to be a defect in the laboratory drier but in reality it 
corresponds to the conditions in at least one commercial kiln drier. 

In order to determine the effect of time of exposure to the drying 
temperature on alcohol yield, the amount of corn used in each drying 
was reduced so that the desired final moisture could be obtained in 
half the time required in previous experiments. Results of fermenta- 
tions run on this corn revealed that the yields from the dried portions 
were still all lower than the yield from the control (Table VII). 

In order to determine whether or not the reduction in yield noted 
above could be due merely to loss of moisture from the kernel and not 
to the temperature of drying, a sample of 17.5% moisture corn was 
divided into two portions. One was dried at room temperature to 
12% moisture and the other used as the undried control. The proof- 
gallons-per-bushel yield of alcohol obtained upon fermentation of these 
samples was identical (Table VIII). 


Discussion 


Two effects of kiln drying have been found. The first of these is 
the decrease in yield of 0.1 to 0.2 proof gallon per bushel from all 
kiln-dried corn. This effect appears to be relatively independent of 
reduction of the length of exposure to the drying temperature. Evi- 
dently some chemical or physico-chemical changes occur which alter 
the fermentable carbohydrate portion of the grain. The most feasible 
explanation is that the action of heat on the starch produces a certain 
amount of unfermentable dextrins. That this change is due to heat 
and not to dehydration of the kernel has been proved by fermentation 
tests on corn dried at room temperature. The point might be raised 
that various types of grain might react differently. However, in the 
course of this investigation numerous samples from various sources 
were tested and in no instance was there any indication that flinty 
character, starch content, or any other factor influenced the results. 
In the work reported here there was no attempt to conduct a survey 
of types of corn in relation to the effect of kiln drying. Such astudy 
might yield valuable information. 

It is difficult or impossible to avoid purchasing kiln-dried corn. 
In such cases careful consideration should be given to the type of 
drier used and the temperature at which it is operated. 

Our experimental work indicates that under certain conditions 
drying at high temperatures results in a still further decrease in alcohol 
yield. As stated before, this effect was noted with the first type of 
laboratory drier used but not with the second. With the first type 
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the corn was heated to the indicated temperature rapidly and was 
maintained at that temperature for the duration of the drying period. 
With the second type the stream of heated air was maintained at the 
indicated temperature but heat loss to the atmosphere was so great that 
the temperature of this corn was always 15 to 20 degrees lower. In 
plant-scale operations this differential is probably much smaller. The 
decrease noted in alcohol yield from corn dried in an experimental 
commercial drier at temperatures above 200°F indicates that at least 
some commercial driers produce an effect similar to the first type of 
laboratory drier reported in this paper. 


Summary 


Kiln drying of corn results in a 2% to 3% decrease in alcohol yield. 

Under certain conditions, kiln drying of corn at temperatures of 
200°F and above may result in a decrease of 4% to 6% in the alcohol 
yield. 

Since the effect of kiln drying varies with the type of equipment 
used, it should be advantageous to the grain companies and to the 
manufacturers of kiln-drying equipment to institute a thorough pro- 
gram of research on the problem. The most feasible plan would be to 
conduct fermentation studies on corn dried in laboratory-scale models 
of the various types of commercial driers. 

The action of heat on the fermentable carbohydrate portion of the 
grain has not been definitely characterized but is probably a formation 
of a certain amount of unfermentable dextrins. 
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